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INTRODUCTION 



perception and product S ^nH Tf i'";' lexicography, stylistics, speech 
intelligence It Kso nVnfn" T^""* acquisiUon. and artScial 

orthog^ph, sentence st.L.;-Sri^^^^^^^^^ 

computir S^Tnvlstifaro;" i-rafe' ^^^^tT^ r 

computer occur rapidly a^d the prSd ^^e 
changes seems, at times oTen^hdSng """"'^^ '^^"^ ^"^'^ 

Ungual u'^"e^;ty'o^^^^^^^ l^vi^S^ ^^'-^f ^ 
••Compete, in Language ReseL 3^6 1^^^^'^;^'^ -^^led. 
conference were (I) to orovide a fon^m f ^f™'ng- The puiposes of this 

between anguage rese^^che" Sd anguTe Ic^^r'T^f, ^^"^"^"^ 
some of the recent computer-bas^ deve WntH; '° '^''^^^ 

learnu.g. ^ ^ developments m language research and language 

The contributions 'o the present irsue of IDEAL am k»c.h 
conference presentations, and aptly reflect the r/nof^r- ^ 
conference. In Part I. 'mtory and Humlism • Win^^^^^ topics discussed at that 
reflect on both the history of comnTr.^ ;«7u^^^^ 

Lehmann. one of the Sld^ Z nnl, r ""^''^ °" ^"""^"'^^^ studies. 
sometimeswryaccountoTrhanLsTn hT % * stimulating and 

contribution^FourT^cLe ^'^^^^^^^^ ~ towanl the computer'in his 

Personal Computer in the HumaL>^• mTi,/"^ ^ u "^^ ^se of the 

approaches to the study and preTeS on o^?^;^ . ^'"^^S^"^^ °f 

made possible by advan'ces inSromZ^:^^ ^^^^^^ 

applicatLTs I 'v';"'Sn"':;T.^'^ "'^'^ ^^^^ - --P^ter 
perception. In their^articl " oi^^^^^ research-lexicography and s^ech 

Support Natural Unguage ft^Sg Aon^^^^^^^^^^ ' 
Thomas Ahlswede and Kay r^s Su^s sr^^^^^^^ " ^l'""'' ^"^'^ ^^^ov^iiz, 

and. in so doing, reveal how ^ om^u / aTe^^^^^^^ °' lexicography 

area of study. Focusing on the audE asnLcu of ? indispensable tool in this 

Mack discuss several typerof sSh Tn'f ^^"u'^"' ^^^"^'^y Molly 

''Vocoders and Speech PerSLnn- r .^^'''"'y^^^^^ ^^^i'^" their article 
in Stimulus GeneS.'^^^X s^^^^^^^^^ Analysis-Synthesfs' 
speech-perception research. °^ applications of these devices in 
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Part III of this issue, "Language Learning." includes four articles that discuss 
issues in both our understanding of computer-based language learning (CELL) and the 
development of more effective CBLL programs. Robert Hart, in his article, "Current 
Trends in Computcr-Based Language Instruction;' provides an overview of the field. He 
identifies three features that most teachers consider crucial to efficient language learning, 
yet that art lacking in current CBLL courseware. He then discusses what he considers 
the most promising approaches to incorporating these features into CBLL materials. The 
utilization of information about student perceptions of interactions with computers in the 
development of CBLL curriculum and courseware is discussed by Patricia Mulligan and 
Gary Bitter in their article, "Microcomputer Feedback and the Student/Learner." In 
particular, the> examine student responses to different characteristics of microcomputer 
feedback as a means of helping assess the relative importance of these features to student 
learning. In their article, "An Example of the Use of Microcomputers in Foreign 
Language Learning and Teaching from a High School for the Academically Talented," 
Constaiice Curtin and Stanley Shinall discuss a CBLL program for academically talented 
students, and the use of observational and test data for discerning how to optimally 
personalize CBLL applications. In the last article of the issue, "Production Systems as a 
Basis for Error-Analysis Packages in Language Learning Programs/' Stephen Helmreich 
argues in favor of basing error-analysis programs on models of production, rather than on 
current parsers, which are modeled on natural language understanding. He then outlines 
the components of a production -based error-analysis system, and discusses the 
advantages of such a system over parser-based systems. 

It is our conviction that the increased use of computers in language-related 
research and development, and greater familiarity, among social scientists and humanists, 
with both the potential applications and the limitations of computer technology will lead 
not only to greater understanding of current problems and issues, but will also lead us to 
questions n^ver before asked. We also believe that research and development in the 
future will be increasingly interdisciplinary, reflecting not on'y the vitality of language 
and language learning as areas of inquiry, but also their infinite complexity. It is our 
hope that the articles included in this volume will serve both to reflect the 
interrelatedness of current research and to stimulate further study, discussion, and 
interest. 

This special issue of IDEAL also marks the 40th anniversary of the Division of 
English as an lnt<*rr.^fional Language at the University of Illinois at Urbana-Champaign. 
Over the past tour fle>':ades the Division has witnessed myriad changes-not only with 
respect to its distinguished faculty and multi-national student body, but with respect to 
the field as a whole and iis orientation to this field. The recent renaming of the Division 
(formeriy the Division of English as a Second Language) reflects what we perceive as a 
broader range of interests and concerns in the role of the English language in an 
increasingly interdependent international setting. Today, with nearly 80 graduate 
students, DEIL is one of the largest graduate programs at the Univei'sity of Illinois at 
Urbana-Champaign, and its national and international reputation continues to grow as it 
explores new avenues of language study and research. 
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We gratefully acknowledge the following campus units, without whose generous 
support neither the conference nor this volume would hav? been possible: the Office of 
the Vice Chancellor "or Academic Affairs, the Office of the Dean of the College of 
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FOm DECADES WlTJi THE, COMPlilEK 
Winfi-ed P. i.ehmann 

appiications .ere b.oad.y pu.u'ed,. ^^^■.JlJZrl::^:^ 
developed for numerical analysis and applications in the physrca Vien e 
engineering, and the business world. Physical sciences. 

dev^eSedT,'''' have compnter la.gunges and special computers be^n 
aeveloped for manHg)ng human languajr^ a.-comnani^^ k, r ■ 
activities supported nHmArSlv a..cor;,panied by linguistic 

applications w advance thei- fipM . -j- '"'"'-'-'^^s Mtn 

oeaohin. oapaMi.ies th''';;e,p":ft:p'u,^.Z:t:Lr"''^' '""""'"■^'^ 

Lord By'rof LtT.orbTvl''"', "i"";'?^" '° of "-.dote, about 

her., or BabLge" Dur "g W;rX " „ H ^^^^ "° ™' ""'''k^ 

whose activities „e ^ere nev^to'tl^k ' t . , ""'""'""^ " 

Seeond Signal Serviee BatW L, Mv ^hg o th!?" ' 

r:-:\^d;r-id:^ 
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Stvle There were no dictionaries for it either. But ther-^ wer« rows and rows of 

:»Ld hldb Jks. The Navy Commander h. ^^^^'^-^^^'^X^:^::; * / 
of the compuwr list. To bring him around, '"-Vr'l^ k. ' odu "T handbook 
without the information from the compute^^^ one m^ght P^^- 
including words like hocrm>oo. To which tnc l avy 

"Hoonneoo. fcoortn.00, we see that word m our texts »' "7 . . j^^.,^ 

Hoorensoo is the Japanese word for "spinach " JZlV OnW t^^^ 

farewells and proceeded to prepare their handbooks '"'^^P'"/"*- ,^"^^^°^' ^^„ 
end of the war, when personnel waiting for discharge had few dut.es, »as „a.son 
established with our Navy counterparts. 

Four decade., ago and even earlier, then, the mechanical ""^P-'^^^fJ^:;;?! 
for specific purposes in the treatment of language. When the first »l«''°"^' 

iur :?c- i.^ ^^^^^^^^ — 

r;r.Ilons «« computerized translation, usually called machine translation. 

Few probably need convincing that the pragmatic society of today, 
praise oT pTe research, demands applications in providing support tor scholariy 

E:ui?r^^^^ 

: ltl*^v atol-; study, few have maintained idealistic 

rrst:h, . the ^^^or^^^^o^y^^XCtJ:. 

l^;S::='li:ror:r:bat:t'uJ:rn part because there are no billions 

pouring oat of Washington. 

yZ Mi r dfd not emerge from linguistics. They and "'^ers who ,01^^^^^^^^^^ 

:=rrm;i::rr taS' ^th "^-^^^^tcrgired the 
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identification of the string hoorensoo among numerous other Japanese strings. With 
slightly different procedures this string -^ould be matched with a designated string 
(for example spinach or Spinat) in a cifferent language. Only slowly did the 
computational specialists concerned with language move from lexical matching to 
syntactic and semantic analysis. Linguists showed little interest in the action, rather 
disdain. 

By contrast, the users concentrating on numerical symbols made huge 
advances. For their simpler symbolic system, speed of manipulation was important. 
Accordingly, hardware was developed so that the symbols concerned could be 
processed with ever-increasing speed. By contrast, hardware was not being 
developed for the differing requirements of language and data processing. 

Similarly, procedures for access to the increased capabilities were developed. 
Instead of using machine language--long sequences written in the binary system of 
zeros and ones— so-called higher-level languages were produced. These came to be 
used, and developed further, in manipulating numerals for economic and business 
concerns as well as for study in the natural sciences. 

One upgrade succeeded another, in hardware as well as software, until 
production of the fast mainframes of today with their high-level laT^'/,uages. Expense 
was no concern. When IBM unveiled its 360 series after a long, costly stage of 
development, it expended another huge sum on discovering the total inadequacy of 
its software. The sums expended in the subsequent decades may be gauged by 
looking at the standing of computer firms in the stock market. 

What was happening in the meantime to applications in the other major 
symbolic system, or to attention to this symbolic system with the help of computers? 
The groups devoted to such research received small amounts of money, attended by 
high expectations. It is almost ludicrous to recall the publicity given Doetert's 
experiment carried out in connection with IBM to illustrate how machine translation 
might be instituted. A few Russian sentences with a vocabulary of a hundred or so 
items led The New York Tttnea to proclaim success on its first page. And why not? 
Number crunchers were making good use of computers, and their pedigree was 
scarcely more venerable than that of linguists. The great intellectual center of 
Alexandria produced Dionysius Thrax a short time after Euclid, both before our era. 
Even earlier, Panini was more advanced in his field thin were the Indian 
mathematicians who gave us zero and the so-called Arabic numer^i^j. Why shouldn't 
the specialists in the study of the linguistic symbolic system make comparable 
advances with those of specialists in the numerical symbolic system? 

The answers are not hard to find. First, as noted above, the linguists were not 
interested. Their major figure of the time regarded language as an ideal system 
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located m an imagined organ of the brain, in a conception leading to abstract 
mapping of the functioning of that organ rather than attention to language. 
Second, language s^nolars in their humanistic tradition were completely unused to 
costly, large-scale activities. An undertaking of the American Academy of Arts and 
Sciences published leas than a decade and a half ago a supposedly authoritative 
volume entitled Language as a Human Problem, in which one of the editors points 
to the solicited article whose author ••discusses in some detail the debacle of machine 
translation which wasted millions of the taxpayers' dollars to little purpose and 
impeded the progress of serious research in the Tield" (Haugen & Bloomfield, 1974). 
The sum was "some $20 million on machine translation and closely related 
subjects, ..over the past 10 years" (National Academy of Sciences, 1966, p. 29). Even 
at that time the cost of one military aircraft was far greater than the total amount 
expended on machine translation. The amount is also considerably less than that 
required for a Cray X-MP machine. One result of the regard of humanists for 
adequate support is the discrepancy between the annual budget of NSF and that of 
NEH. Th'rd, humanists were, and many remain, totally opposed to any attention vo 
technological activities impinging on their area. The res«:lts of early machine 
translation were ridiculed. A day before this section was put on paper I once again 
heard an eminent humanist repeat the account of how the computer translated into 
Chinese the aphorism; ••Out of sight, out of mind,^^ which on retranslation 
appeared as "invisible idiot. •• 

In the meantime the users of computers lumbered along with their succession 
of high-level languages, Fortran through its various upgrades, Cobol, PL-1, Ada, and 
so on. Visionaries would talk about the glorious future when there would be oral 
input, when the QUERTY keyboard would finally be deposited beside Whitney's 
cotton gin and McCormick*s reaper in some recess of the Smithsonian Institution. 
But the visions stopped at that point, and for physical scientists they remained 
there. However attractive communication may be in the high-level language that 
human beings have developed, physical scientists, in their concern for harnessing 
computer technology, disregard it. Of a major funder we learn that it is DARPA*s 
"strategic computing program" to break through ••the conventional computing 
performance growth rate barrier of about 10% to 15% per year," and using 
hardware and software "achieve a factor of l,CXX) improvement every three years" 
(Fisher, 1986, p. 84). 

Moreover, an editorial appearing about a year ago in Science extolled the 
glories of the four National Centers for Supercomputing Applications, singling out 
the Beckman Institute (Abelson, 1985). Entitled "Computers and Interdisciplinary 
Research," the editorial lists the "supercomputing applications." We read of its 
"work stations with good computer graphics." Further, its '•Intellectual 
Center. ..will bring together some of the n'ltion^s best physical and natural scientists 
and computer engineers, social scienl'i3t!? and computer profcvSsionals." In its "key 
objective. .to foster interdisciplinary research. ..it will consist of two centers: a Center 



nothing of .he E„gn,S n.,.nJZ l>^,^' ^Z^^^yT^ '"^ '° 
one of the human languaies useful L - ' ""^ acquaintance with 

Philip H. Ahel^on, De^TErtl^^^^rn t'C'„et^nT::,'a' Tv " 
no. to ,, . .o„ea,ue deputy edito., no. to hi, odito^nrto-tLTotsr 'ot!:;:^, 

note a'^t^:tt::et^ttcoT„s:;;fi:Tr: v^t^^ ^^y- « 

the title m.o S.^„s. to whi^ ,\ T,, 7be ow "in' itToV Z"""!: 

says natly.- -Humans are no loneer alone o!' . ,h '"''oduetory chapter Deken 

language, compute™ joined us when the m. h° T."""' 

a machine that could rememberand J' J""" von Neumann designed 

to warn about the "alt^m^t "t™ 7or~ 

s~ i" i::itn'r co^.To"'^ ^^^"V-^ a^r... (m^v;\\;.°Tr;4: 

Yet Delcen may be t^ fearf't tleT'" '"^S"" the trap, 

one of which reput Z reads te« X T "f" t'? ^""^'^ '"-''''"^ 

»ho ha, used them ak4t com^ to beir »h^h -nd^rstands speech. Anyone 

deal With such forms of ^^— pr':!":,' ^a dtLTrp^ri;^' '''' ^''"^ 

comm!ratf nTt "o^nTyt rrds" b^'eir'- "'^^ ^--''^ 
struggles to maintain r seaTchtn h .r .'" •"'^^ "I'" '^^n the 

commercial interests^maTctcerned ^.th" I'aT'*'.' "'■»°'' '""^'^ ''^ 

status of that research Tn 1985 lav bo 1," i translation. Information on the 

information we learn that projected sale, of n». i i ' '' °ther 
in the United States wiM movTf^m 5 mMon H ,f ''PP'i'^ations 
and to approximately m^n t T ^,^1^ ^n'", 'p" Z "TV 'T 

horThe^Tr^k^wir^^rn ^ r b '"'^^^ -~ - 

programmer In Dos ert"s git at ci"., 1 n' '^1" Toma-originally chief 
*20 million, the sum w, "h Vor,S' rNafcn'r's''" 

National Academy of Sciences in 1063 .nl^? \ . ''°''"<'='«on and the 

American Acaade'my of ArL n enies a dcTl at: ' a""" f""^" '"^ 
states that the Japanese-Enitlish ver^l^n „f % . , "*"s release 

of 1.3 million words per houf rate 

give nfrtator.;:t'rnl"l-^'"''"^^^ ' 
n.achi„e translation fitZVowc ' ^ a I tss'Tc c We' ''''tI«^'''"'°;^- '"-^ 
requirements are after all straightforward. One m^yT:::' -J.^yZZTZ:": 
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idea, by examining other system,, 

The situation can be equated with that -"^-^ .''^'^ '^'^^'"JZi'^Z 

it in the Pacific, as .^^rough Melvd e s nov^s J o^^ Communication with 
compromise language known as a pidgm was evoive ^ 
computers differ, som«ha^^^ '^^i^- n::tThVhumrin" the' hltn-computer 
than a ^V""'"''^^^^^ used the computer's language, so 

cumbersome ^^I^^IZZ 
necessary when the basic entities on which » I»n8>'«6« = •>•"'' Z be 

human soon began constructing h'^h""^-' '^'^i^^ 

increasingly '"j^-.^-^^- X'etr : gl^rt:*th^a:e still 'pidgins, or 

tliirbrn^rX sl^r,^. come to be u.d by r^u^n 
do not first learn other programming angnages In ^'^J^^^^";^^ ^^^^^^^^ languages, 
sketched, the computational society wil proceed ^° ^J^^^^ ^'fj^^^^^^^ I, 
those developed among human social groups. Followmg th^^^^^^ In time they 
colleagues, we may call human languages -^"-^^^^-'7 ^7"^^^^^^ no such 

may be replaced by socalled artificial languages at a still higher 

language has yet been devised. 

Without denigrating the national language of Papua "'.'^e common language 

of Haiti and others like them, we may regard P^l^;"' ^ -^tnguagrs^^^^^^^^^^^^^ 
communication. Besides its status as a p.dgm, LISP JS^^^,"^^^'^;;' Wo 

most-favored type. " '"^^ ^TuSP Tn acc: dTncH th the arrangement 
languages natively. McCarthy formed USP m^^^^^ ^^^.^ 

'MrnTbrr 

PROLOG are devised remains to be seen. Whatever happens, LISP and PROLOG 
still make concessions to the machine. 
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Nonetheless greater ease for the human con unicalor has come with the 
application of such programming languages, and further with the production of 
LISP machines. Since their availability about six years ago, we have a favorable 
situation for language-processing activities. The situation will be almost explosively 
augmented with the availability of LISP chips, an advance announced by a major 
manufacturer of computer equipment for two years from the present. And 
connection machines, allowing parallel processing, should permit computer handling 
of language in accordance with its multiple structure, with vast improvement o^'^'r 
current computers ;ased on von Neumann's logic. 

The availability of LISP machines and appropriate languages has speeded the 
production of large-scale grammars and dictionaries. Like the theoretical proposals 
of linguists since Jespersen and Koschmieder, these are based on formal systems. 
They are relatively complete for some languages at the sentence level. Further, 
some problems in discourse are handled, such as anaphoric relationships. But when 
languages like German, French, and even English have gender distinctions in 
anaphors, the problems of translation have only been skirted. 

More adequate solutions depend on further semantic analysis. Entities in the 
lexicon initially had few descriptors, partly because of the demands on computer 
storage. Storage is now less troublesome than are the demands on lexicographers to 
determine appropriate semantic descriptors when these become increasingly delicate. 
Similarly, as grammars Increase in size, the addition of new rules requires great care 
because any new rule may Interfere with the application of more general rules. In 
spite of such problems, translations now produced by some systems are surprisingly 
good and well received. Some post-editors with long experience in dealing with 
translation by skilled human translators now evaluate translations by computer 
systems as superior, in part because of their consistency. 

In noting such comments, we must be aware of the type of language texts 
involved. This is the language of manuals, precise to the point of dullness, as devoid 
as possible of any stylistic sparkle. Such texts are produced in hundreds of 
thousands of pages today to guide users of equipment far more complex than 
cameras with their manuals of fifty or so pages or minicomputers with manuals of 
several hundred pages. The manuals, however long, have to be ready when one 
installs an electricity generating plant or a telephone switching system in Brazil, 
Indonesia, or elsewhere, even in the United States. Concentration on the restricted 
language of such texts may provide a false idea of the complexity of the problem we 
have in dealing with human langi'age through computers. 

The danger of a simplistic conception of the problem is heightened by the 
reductionism in linguistics during the past century* The neogrammarians from 1875 
or thereabouts restricted their attention largely to the least complex sub-systems of 
language, as did the structuralists. The generativlsts restricted their attention to an 



12 



unreal language, m their words, an Ideal language. Any attention to language as 
treated in the teaching of English, whether as a first or second language, or to 
language as examined in applied linguistics, must be directed at language as used by 
speakers in their social activities. 

The damage to treatment of language by the reductionism of the major 
movements in linguistics during the past century is obviously complex, as will be the 
move to a more adequate treatment. Fortunately, there are now strong movements 
toward a new approach, away from reducing language to a system which is to be 
encompassed by procedures of mathematics or elementary logic. I cite only one 
study, an essay by Robert de Beaugrande to appear in the Zeitachrift fiir Phonetik, 
Sprachwiaatnschaft und Kommunikationeforschung. The essay is even longer and 
more complex than its title, which goes as follows: "Determinacy Distributions in 
Complex Systems: Science, Linguistics, Language, Life.'* In his final section 
Beaugrande makes the following statements about language as a dynamic code and 
about much of the work in linguistics: 

Each speaker has, like any system, a history with several dimensions: 
the cultural design of the society, the speaker's life, and his or her current 
actions and experiences. We might see a natural language as a complex 
system in which spoken and written texts manifest the coded aspect and 
the use of those texts the dynamic aspect. The problem of linguistics is 
that we have been analyzing the code in all sorts of ways, but seldom the 
dynamics of its use. (1987, p. 32) 

Beaugrande does not cite Bakhtin, whose criticism of the partial attention 
which has dominated humanistic study is beginning to make an impact in all areas 
of humanistic study. Bakhtin sees language as **defining the relation between the 
self and the other, ^ in a felicitous phrase of Joseph Frank (1986, p. 58). Language 
in this view is scarcely a code to be comprehended in a linguistic theory, however 
many sub- theories are proposed. 

To deal with natural language adequately Beaugrande sketches activities which 
he calls "forbiddingly vast," requiring the design and exploration of many models of 
language "before we can narrow them down to a fe^'? plausible ones" (1987, p, 35). 
Recalling the attractions which model-proliferation seems to hold for linguists, a 
follow-up to Beaugrande's evaluation raises the possibility that linguists will once 
again sequester themselves in isolation, funded adequately only by standards which 
have been engrained among the bovine humanists. In the meantime, applications of 
computer manipulation of language will be left to non-specialists. I cite examples. 

Software modules are alrady being marketed for language teaching, among 
other applications. They are universally poor. Produced by non-linguists, they are 
designed for the kind of large-scale market which brings appreciable financial 
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returns. Some even seek to teach the spoken language through the facilities of 
inexpensive minicomputers. Moreover, while we may say that funds for education 
are inadequate, even the poorest school districts are being equipped with such 
minicomputers. It does not require the services of a super-salesman to sell the 
available teaching modules to these schools. According to Joseph Raben, the well- 
known authority on uses of computers In the humanities and social sciences, the 
emphasis now seems to be on what the computer does best rather 
than on what students (and teachers) need. In fact, a substantial portion 
of microcomputer sales Is based on the premise that future generations of 
students will need to understand the computer Itself as the foundation of 
their success. From this central idea, apparently, come programs that 
teach foreign languages by drilling students on lists of vocabulary... .That 
is, the machine's ability to present a question, to compare the answer to a 
stored response, and to present then a signal of approval or disapproval is 
utilized without any defense of the proposition that this is the preferred 
method of instruction. (1983, p. 26) 

In short, without appropriate attention by teachers in the humanities, 
including foreign language teachers, we will once again find ourselves in a situation 
like that of the language laboratories, which were poorly used and supervised not by 
professors in the humanities but by inadequately paid assistants* Or we may replay 
the even less attractive situation of machine translation in 1963 when an external 
committee moved In to cut off all research activities, and pretty well did so. 

Fortunately, if a bit tardily, the largest association of humanists in the 
country, the Modern Language Association, is taking action. Among a broad agenda 
is the establishment of national centers for language teaching. Even more happily, 
in spite of the problems with the federal budget, the new Title VI of the Higher 
Education Act authorizes the Department of Education "to make grants to institutes 
of higher education to establish and/or operate comprehensive language and area 
studies centers.** The sum authorized for Title VI is $55 million. Less will probably 
be made available. Yet the seriousness of the intent may be indicated by the 
reduction of "the number of meetings per year of the Advisory Board from four to 
two" and the "number of Board members from 23 to 9." 

Only through large national centers will the prime specialists be enabled to 
ensure up-to-date facilities for the use of computers in humanistic activities, 
comparable to those in the physical sciences and engineering, as an example in the 
teaching of languages may demonstrate. An Illustration which I like to cite deals 
with the use of videotapes, a somewhat different technology but still not foreign to 
computer uses. In a series of persistent strokes of good fortune Professor Kimberly 
Sparks of Middlebury College was successful in persuading one of the German TV 
networks to provide him with a one half-hour program per week of their Walter 
Cronkhlte newscast. Preparing these for presentation to an elementary group of 
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students required 24 hours of Professor Sparks's time for each half-hour program. 
Clearly, if such a useful undertaking were to be available throughout the country, 
including high schools and probably even outstanding elementary schools as well as 
Ui^iversities, it would have to be managed from a national center which would 
assemble the specialists and arrange distribution, in an effort to make similar 
arrangements for French, Russian, Spanish, Portuguese, Hindi, Arabic, Chinese, 
Japanese, and so on. The same applies for capable computer software. 

Looking a bit to the future, I draw on Joseph Deken's interesting book, Silica 
Sapiens. As robotics, whether or not it is the "ultimate technology," overtakes us 
(Dekeii, 1985/86, p. 223), we face once again the new terminology that comes mth 
successive advances. Long ago we learned eventually that the second syllable of 
software was to be spelled like that of hardware, rather than like that of nnderwear, 
which may have been more appropriate. We also made our way through the age of 
the breakthrough to the age of robustnesaf which is still lingering in less with-it 
centers. The terminology of robotics is virtually an industry in itself. For 
designations of the various sizes of these creatures we have no trouble with macrobot 
for the monster that digs coal, or with midrobot for the variety that welds and 
paints your Corvette; but is it microbot as in Mickey, or microbot as in Mike, for the 
fellow that controls your Corvette's ignition system or for the device in your camera 
that does all the picture-taking and even tells you about it? Or, since there are 
astrobota and geobots, will robot herself become a hydrobot that competes with 
Oxford and Cambridge crews on the Thames? Karl 6apek not only gave us a 
shortened Czech word for puzzlement, but also a suffix rivalling -burger in 
proliferation, as anyone learns who fares forth to provide an appropriate Christmas 
for the younger set this year. 

One prospective form of microbot is the reaiicorder, which Deken describes as 
a "robot descendant of the video and high-fidelity systems of the late twentieth 
century merged with computer simulation technology first developed (in extremely 
expensive and cumbersome form) for computerized aircraft flight trainers." As 
Deken points out, in the use of such trainers "the human is not simply a listener or 
viewer, but a participant^ (1985/86, p. 31). Among proposed uses are "reaiicorder 
tours" where participants "will see exotic sights and sounds evolve as they choose an 
individual itinerary." Further, this device will make it unne essary "to learn from 
lifeless books. ..(but teachen^ will be able to) summon up a wealth of native speakers 
?.nd authentic sights and sounds of [differing cultures, say to learn] Russian on a 
reaiicorder 'guided tour* of Moscow" (1985/86, pp. 32-33). Those who have seen the 
language teaching facilities of weli-supported schools like the Foreign Service 
Institute of the State Department know that these have long used models of places 
like Mosco^v set on tables around which four or five students discuss in Russian the 
local scene under the guidance of a fluent speaker/instructor. The reaiicorder will 
supplant such teaching through its lively presentation of " authentic sights and 
sounds" in which students will participate. Students of Chinese will learn control of 
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the Chinese language and culture through simulated tn„r«, of o w 
students of Italian will have their tours of Ro^ t wHr^udL ^"f ^ ■ 
Rome at an earlier time. Students of Classical Greet T h K 
with Socrates; students of Hittite will he ,tr.7 rM^ " 

The study of ancient languages and cu ture Vlfl . ^^^'^^^ ''"^ 

K^.s.Us.. arng\^:trsltt 

.heu ^ntir"-:^^^^^^^^^^^^^ he c.tl. 

.°:iVanrirj:rat ir::t:rt';" " -rrent st::.- iirrLr^Jai^ 

cultures), ol even of^oTe ragTc event^s .rhl"" °' ^"^ 

our long-standing inept policy' TnT'^i'ri Ve^rould^^o'nt'l""^? ^ 

development of computerized mhntc * u T • , ^ the 

than from determlllfngT acttity of ZVtT'^ r^'T 

around the nucleus, or than fron In ' / T"" °^ """^"'""^ --^t^tes 

Jupiter, or even Ea th Leal e of 3^1 °^ ^^e weather on Mars, 

small fraction of the sums aLfmbled r T " "^'^ ^^^'^'^ ^° d-°te a 

Beckmar. Institute to the s'udy and teacMne 1"^^^°"^^"^- installations like the 

In this way the Nationa i Scien e p"^^^^^^^^^^ 

destructive report of twentv vp„r. u-T P^""* its 

computational linguistic a rvitv rlTn T ""r^"^ '^^"^''^^'^ ^'^^'^^^ f^'-ther 

of *ik A ""suisiic activity. The Beckman Inst tute mieht also fulfill u 

of the American Association for the Advancement nfT- ^ ^°P^' 

sr^^s rT^i.r >:^Ltr^' - r„i:„,r:;H: 
up --r-o? 

le^t it i, far be.ond the co^p^et:!;':^ ;bo^f(~ r/:;;';'"?' " 
could the Beckman Institute f i. " , P- 148). How better 

Champaign, as «ell a^ th?Na"t a sl" ' r "'^""•"^""^ °f Urbana- 
devebping the beat To^ible „ a„s of te. , f"'"" "'eir aims than in 

computers and robotsr become the 7 '° '°<i»>''= 

-rve the students of t^eVtirVr'^irrbetr^^''"" ^""'^ 
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THE USE OF THE PERSONAL COMPUTER IN THE HUMANITIES 

Janes W. Marchand 

Hunan^ cs have in the past been tied to the 
mainframe and the tyranny of the keepers of the 
mainframe. The personal computer revolution has 
changed all this. The individual humanist now has 
available to him computing power far beyond that of 
the mainframes of the sixties* We cannot afford to 
let this opportunity pass. This article offers in 
its first part a survey of some of the applications 
of computers to the study of the humanities, 
including both tools and techniques. The second 
section of the article is a report on what one 
humanist has done with limited resources. 

The most important thing that the new revolution in 
personal computers has done, and it is a revolution, has been 
to free the humanist from the mainframe, the keepers of the 
mainframe, and the tyranny of the programmer, with its 
eternal question of "What to Tell the Programmer" (Heal, 
1971) . The humanist, with his inborn tendency to go one-on- 
one with the texts he deals with, is, in George C. Homans' 
words, the last academic individualist (Homans, 1972) . With 
the advent of the fifth generation and VLSI (very large scale 
integration) , we may have reached the limits of 
miniaturization in the ergonomic sense. The keyboard can be 
redesigned, Dvoraked, or reconfigured, as is the new AT 
keyboard, but it cannot be made smaller; the miniaturization 
of the chip and the other components, however, continues at a 
merry pace. We can at the present time, for not a huge 
outlay of money, have a desktop with 170 megabytes of storage 
and 5 megabytes of addressable RAM. DOS 5 promises to give 
us soft and firmware to run these monsters. For more money, 
we can go as high as a 1.4 gigabyte hard disk, that is, a 
disk which will hold 1.4 billion characters. Each mail 
delivery brings news of dramatic new improvements, a megabit 
chip, an add-on to allow the AT to run at 4 to 5 MIPS 
(millions of instructions per second) , ever new scanners and 
printers. 

Even at present, I have on my "little" 1984 issue AT the 
entire Greek New Testament, the King James Bible, and the 
Gothic Bible, with plenty of room left over for the software 
to interrogate them. I was able to buy an Oberon 
International Omni-Reader for $70 which allows me to input 
without keying in, so long as I stay within the narrow limits 
of office typewriting. Even on my Seiko UC-2000 watch, I can 
put enough answers to allow me to cheat through any hour 
exam, a kind of electronic sleeve, as it were. For the 
purposes of this article, however, I have for the most part 
stuck with a minimum configuration • Most of the things I 
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TRM PC with 256K of RAM and an IBM 
discuss were done °" ™ the programming was done in 
Graphics printer. Almost ^J'^.y^^f^^ „ith DOS. On the 
Scompiled^ BASIC or ^'i*^"^ 'it witran outlay of less 

present market, I could most or humanist, working 

than $700. The work was done mostly B^^^ ^^ ^^^ers. I say 
alone, with no advi<=« " uploaded to the mainframe in 

:jrs rinr.fingf -Utic .u».nU. t.pe aces 

nSt mean that one has to be stupid. 

This article is divided into three sections,^ input, 
handling, and output. Before I begin ^ l^^^ ^^^^^ 
towards the mainframe and ^escriDe one g j ^ gooth and 

done by a team. Professor Spurgeo" Baldwin, ^^^^^ ^^^^ 
T have a project using computer ^^^^l^^^ ^ye. This 

manuscripts which can"°^„,^J,,/e a manuscript, done by the 
consists of obtaining a picture ot a i^izing it with a 

best photographic t^c^^^^JJ "^ding it into the computer's 
digitizing camera and ^^^^"i^^'li^^ 256 levels of 

memory. The ^ol^ware assigns to the pic ^^^^ 
gray, each of which is addressable. ^^^^ ^^^^ ^ 

machine to do whatever one ^""^f^J'^^** for example, the 
give it any color ^5"°" ^^^^ , in 'which one text is 

Original manuscript i^».P»^^^?bie to separate the scripts, 
written over another, it is P°"i5^Jt^°s J^^xd words in Gothic 
we are frequently a^le to read letters ^^^^ previous 

manuscriDts, fo^ «jample, ^'^^^q^ous computing power, 

efforts.^ This takes, of c°"5_%' lMiGIT,2 one can do 

though with a large ^^^'^^^ recent advent of FFT 

ff^ft^M^ t^r'aJ^lf^rmr P-fraSs fir the personal computer 
will lighten our burden tremendously. 



INPUT 



The first problem one enco""ters in ^^jli g^ 

textual, visual and auditory materials is the di ^^y^^^ 
getting' them into the ^o^uter. With texts ^^^^ 

type them in; if one is de*^"?^^ ""^e up a system of 

i^?range.. writing -y-\%»' .^"^y^^^^^^^ etc. Even 

transliterations into ^SCII syinoois, appear on 

using BASIC and the <i"wc°'r%"^^°"® Note the simple screen 
the screen in the original form. Not^ reproduction 
shown in Figure 1 (slightly retoucne^ Germanic writing 
purposes), in ^^ich the runes (the Chambana, turn 

system) welcome conference Paj^^i^^P^"^^^ illowsky & Abrash, 
upside down, ^hapge colors etc. (cf. n J^ibie, with 

1984 : 166f . ) . This de»;"f Jevice show the characters 

little effort, to have the output device s^^^^^^ cuneiform, 
in their original form. J- "*''^,„^__g Texts can be 
hJeroglyphic, runic, l'^J°^^^''^^''^Ts"nr,er: s'^c^ as the 
oat. ^/nlVMaSe^nhJIh^. been pro,raM.ed to 
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also trainable and is faster th^n Datacopy,5 which is 

fast as the PC Scan Fo! i-ln^ the Kurzweil, though not so 
self-training Palantir Comoou^d no ""^^^ ' miraculous 

Kurzweil. 6 Even the Inw^v ^ Document Processor rivals the 

Thus, we have already arr/ved a\ ?hr.^^ ^^^t^- 
scholar can expect to be able ^ private 

Character recognition 'd°evi'ct) and%nput hYs o^"n t'fxts 

also be%^p^ic\\^5 " be Yblf °to'?a°"?n\o°tH''l ^'^^^ ^^"^^ 
industry. Alreadv Ltntui ^ burgeoning CD ROM 

the beginlui^r^S-^?^'(Berkowi^ the Greek texts from 

FCAT group at the Universitv p Squitier, 1986) . The 

Packard Foundation backina^^^ Pennsylvania, also with 

6, 1986), will have fin^; reported by Bob Kraft (Offline 
texts available on CD ROM''fon''^H °' ^t''^^^^^ Pa^Fi^ 
The Public Domain group has 60. H^ l^'t.^^" texts. 
ROM, which LambertTRopieauet (lViV{''V ^^^^^^^^^ °" one CD 
new papyrus (cf. alsoTopirq^et^ 19^61 ""^o^Vk^ "^"''^^ 
able to afford it, the cornn?^ r * those who are 

also be downloaded or Obtained hv °"' -n^^^^ ^^'^^ ' 
clearinghouse for such Joroor^ p "^^^^^ a 

can now buy a half-card h^^^^^^^^ one 
less than $ioo, one can "ontact ^^"^ 
here and abroad. tSSb iTl l.J^ T"*^^^ °^ data-bases both 
the venerable Western Union at^the^co'^f "1?^"" 
add.t.on, many texts which we^'e^ Tyfes^eJ 
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graphic work the humanities scholar must do, the R. R. Bowker 
Co. has all its catalogues available on one CD ROM disk. 
Most larger libraries have automated their catalogues; one 
can even call up and download the Library of Congress Subject 
Headings. Foreign libraries may also be accessed by modem. 
In short, we are able to input texts in many different ways, 
and with the continuing work on OCR; we may be able soon to 
begin reading manuscripts such as the Codex Argenteus, the 
major source of our knowledge of Gothic, with its regular 
handwriting, without benefit of the human finger. 

Visual materials such as the Mona Lisa or Swedish church 
art can at present be input into the machine to be worked on, 
and scanners are getting better and better. With the advent 
of EGA (Extended Graphics Adapter) technology, one can have 
fine resolution 16 color palettes, making the Mona Lisa, the 
favorite of EGA hackers, look pretty good. Archives of art 
and such things as runestones should soon be available by 
remote transfer to any humanities scholar, so that the 
medievalist will not find it necessary to make his yearly 
trek to Princeton or the runologist his trip to Sweden. In 
fact, the libraries and art galleries of Europe ought to be 
available in machine-readable form. Our present technology 
permits three-dimensional recording for dealing with 
runestones and other monumental forms. 

As far as auditory materials are concerned, we are still 
in the infancy of an important field. The MIDI (musical 
instrument digital interface) explosion, an explosion within 
an explosion, as it were, has made it possible to do many 
thirtgs with music. Inputting tunes into the computer is no 
problem for those who can read music only slightly. My 
computer even plays "She'll be Coming round the Mountain," 
"Mama's Not Dead, She's Only a-Sleeping," and any number of 
tunes on the funky piano, using Neil Rubenking's algorithms 
and devices.^ Using MIDI techniques, however, with a multi- 
voiced output, one can input medieval music and play it with 
different time signatures, etc., whether or not one knows 
anything at all about music. I can assure you that this is a 
boon for those who teach medieval minnesong- 

In contrast to music, the inputting of speech is much 
more complex and demanding. Since we do not have at present 
vvice input machines which work sufficiently well, most 
speech data must be keyed in by hand, an arduous and time- 
consuming task. However, some progress has been made ; IBM 
has announced a prototype which recognizes 20, 000 words, 
somewhat larger than many people's active vocabulary, and 
which disambiguates words by searching both the immediate and 
the subject context. 



HANDLING 

What does one do once something is in the computer? 
First, one can catalog things easily, simply by assigning 
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in beautiful colors^ A it is plinted 

divided into individual iaf^?<„«°°^ "^i^ that*^ it is 

organized into schemes a iPfi-K t***^ these are 

these pictures totltt' the o?«nf,:??f"^"*V°" ^^^ll that 
vaults. Medievalisms have c?oJl °^ ^i*'^ i» the 

schemes, calling this ^he science o/T°'"^" °^ 
learned doctors of I^ydsn have arrived i°°"°9raphy, and the 
which registers these For «vLt^^ a numerical scheme 

man with the jawbon^ o? an ' medievalist seeing a 
Inonediately recogni?2 Cain Sh. < ^Dk ^oGld 
Abel with W jlSione of 'an » ' /^^ 

have done in my ongoina studv ™^Sf*'*P}'"°' ^^"^^^ ' "hat I 
Is to organize the ceiiina o/t-^^^ ll^^^V'h Swedish church art 
to the four schemes of rfbbin^ J ihS5 according 
occurs and where it is fo,?nH * ^ll say what 

paintings which Aibertus pi ^J^l J'*'® "°^e than 15,000 

EGA techniques, enhancement to^^^ ^" i'^^ lifetime. with 
putting text ^n our pictures possibility of 

about Swedish medieval paint fn« wh?.K^" statements 
even including athetlzina oS? .^'^^^ i»P°ssible before, 

1976). ^ acnecizing one of his churches (Marchand 



;/A;lMll^b^l^*.,M,,v,/.s^^^IKdn\ 
^h^^^l^ivsxtl^lul>s•(;^^^.Wl^. - 



Figure 2. A page of the Codex Argenteus 



ERIC 



r\ — 



22 



Let us speak for a moment of the nature of the beast for 
the medieval philologist. Figure 2 (Uppsala University 
Library, 1955) is a representation of a page of the Codex 
Argenteus, one of the most precious manuscripts in the world, 
presently residing in Uppsala, Sweden, booty from the 17th 
century wars of Queen Christina. It is written in a unique 
alphabet, in gold and silver on purple parchment, probably 
for Theodoric the Great, since the canon tables at the bottom 
of the page seem to be modeled on his castle in Ravenna. I 
entered this text on punched cards in 1960, with a 
grammatical analysis of each word, in a scheme which looked 
somewhat like Figure 3. In 1960 we did not have mag tape, we 
programmed in FORTRAN or not at all, and we had no string 
manipulation capability. one had to input the grammatical 
codes or one did not have them. Figure 3, from a talk I gave 
at the Modern Language Association meeting in 1966, shows 
what we could obtain even then. 



I. Thq fislds on * Gothic eitrdi 

Book - eh»pt^r - v^^rs* - nunbt^r of voprt »«nt«nco - prefix - sttn . 
ondinj - fartlcU - grinmar cod* - fortign wor«J!- srrorf 
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in. Questions a»kcdt 

1, alphtbttizvd list of tokens* 

2. btckvtrtls idphtbttitttlon of tokens* 
3« sentence prlnt«out« 

<!• cotr.purison of eeniences for l«nfth. 

5« (TtpheAe counts 

6. ^rap^iewe plus environment • 

7* elphtvbetittd concordance. 

8. elphebeti?:ed gramer concordance (ece. to |rw«r code). 

9« bAc'kC.ards elphtbetit^tion of this (ca^therlni cAses, Ac), 
10. clphebetixed list of atems* 
\\. Syntactical etateMent of (rannar codes. 

12. Hunerlcal print -out. 

13. Lists of word-types accordlnf to various crlteri*. 
1^*. Gatherings of prefixes and of partlcles- 

Figure 3. Coding a text on a punchecj card. 
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Today we can do all kinds of things with th^ text. He have a 
concordance, both backwards and forwards, to be discussed 
below. This means that I can sit at ay computer and ask for 
all tJtie endings of Gothic to be displayed, since the head* 
words have been alphabetized backwards. Since I have the 
context, in a granmatical j2U& (basic unit of concordance) 
chosen by a person who can read Gothic, namely me, I can 
reject or accept the samples and arrive at a fairly good 
grammar of Gothic, Including the context of each item talked 
about, in a short length zf time. This means that I have an 
on-line grammar of a language with a minimum of human 
interference and the assurance that I have been exhaustive. 
I am working on a soundex routine (the soundex algorithm is 
well-known, I do not have to invent it) which will allow a 
person who knows Gothic only vaguely (a student) to look up a 
word. Vain 3 the King James text and Trinity's Greek text I 
can parallel the Gothic with its original and a translation 
and modify those wherever I wish (Figure 4) • 



MY 6.24 Ni manna mag twaim fraujam skalkinon 

MAT 6:24 NO MAN CAU SERVE TWO MASTERS: 
3762 3762 1410 1398 1417 2962 

7DUNAMAI 

MT 6:24 N60UDEIS12MXNX N7DUNATAI 3SPPI N4DUSI 12MPDX 

7D0UIiEUW 
N7KURIOIS N9 D0ULEUEIN9 PAN 

Figure 4. Lines from a database containing 
parallel translations in Gothic, English and Greek. 



Here the first line represents the Gothic text, the second 
the King James version in English, as furnished by The Greek 
Transl iterator , by Bible Research Systems. The numbers 
underneath the line in this version refer to Strong's well- 
Icnown Concordance . For example, if one places the cursor at 
2962, one receives the following entry: 

STRONG'S REFERENCE NUMBER: 2962 
GREEK: KURIOS 
DERIVATION: 

DEFINITION: SUPREME IN AUTHORITY. 

The final line is from the Greek New Testament, as furnished 
by Project GRAMCORD. It contains a complete parsing of the 
Greek, whence its mysterious look. It reads: OUDEIS DUNATAI 
DUSI KURIOIS DOULEUEIN. Since it represents a one-to-one 
transliteration, the original Greek is totally recoverable. 
One can even have a King James version of the New Testament 
in a memory resident form with the WordWorker from The Way, 
and a Greek form is promised* With these tools one can make 
a complete study of the relationship of the Gothic to its 
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Greek original, including such things « Wultlla's rend«ing 
of Greek grammatical features. 

With my poor memory, I need to be able |„5 
t^.:i^:'L''^^^ /^d?:=on?Lu%'u\^1i^"?inr-^lne, sucb 
as the batch f .ie displayed here: 
finder.bat 

??5d/N^%2 %1 >PARM1.DAT 
FIND/N %3 PARM1.DAT >PARM2 . DAT 
FIND/N %4 PARM2.DAT >PARM3 . DAT 

I remembered the q-tation/'No man can s^J^° ^ 

Gothic, for example, as iLL_fcMa^ |ake?fr^^e DOS manual, 
simple sieve technique ^^own here taken from^ ^^^^^ 
I could find the unique sentence which contains 
words : 

finder mtjn.doc "ni" "twaim" "skalkinon", 

namely, Mt. 6.24. If ^h-e had been more than -e -^ 
sentence, I could ^ave found them. ^^^^P , ^^^e, a 

course, to output to the or Jould connect 

serial port, or any other knowing : The word 

up. A --P\« 3^°\^n|e"o? occurs'o'nly once in 

qaaaida as the past tense °^ afl^isui sometimes a 

Gothic; a DOS search reveals ^^^^^ , the words 

grammatical hit is ^^^^^^^^^^^^^^^^''^^r^cB wrot^ on the 
are not contiguous. ^^L^Sf^So' that it was the most 
construction t>aiin ize^ 'to those who ^■^^^ "-^^^^y^^ A simple 
Gothic of constructions, u"P«"V«^„«„^^/" see that having 

search reveals that it occurs °"ly J°?hings impossible 

ones texts "on line" n this way can^«^|ji c^Sices "^contain 
to determine otherwise. Our of the BASIC 

different versions of the ^^"^^ J'tll' the two texts and 
<inst> command allows us to compare ^^f to any 

iiSicate where they differ, and °"JP^^rting a count 

device for more work and P«^,"„^^^/,^f^^^„^\Jnd of statistics 
loop into our program, we can obtain any Kina 



we want. 

OUTPUT 



Let us turn for a moment to the inatter of output I do 

not want to get into d«fj^-t°P^P;j^^^f ^J^^^V copy f roxn a° dot- 
you that you ^.^^^^^ J^f^^'^.^^^^^'i J^^^^ of camera- 

r^ady' co^y 'of mV^L^^ 'to 'blTublished .C;othic' concordance 
ITiZ dTm'o'nstrate's the formatting capabu^ PC-^^It 

was done using an IB" ^"P^-^^^ -ff^"^^^" dance of Gothic as 
page of a g-^^-tical (retrograde) c^^^^^^ 

it came off the page P^^^ter. If you n matrix, 
time, you can develop a font and print it usiny 
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a 6 0.00743 
IThR ^".1 5" paurinl)iuin .a. ustiuh 

IcJa ft**" j*!>»i.f«wiltib aba 

}8j1 = i 1^ •^JS ML;*-" -galaubjaadan 
•*>*°B 1 0.00149 aba 

abba""! OWH^'^*"'^"'' <l«ai» «6«n. 

abin 7 O.OnO-"^Sr"^^"'^ ^^--^ 

J auK uiwaira qcns at bbandin abm gabundana iat witoda 
Figure 5. sample page from a Gothic concordance. 

in fact, using any bit-mapped device von nv« 

screen. Our students nnf«^^,,«»^ i ^ " like, such as a 

transliterated for^, Since it T "^"^^^^^ '"^^'^ ^" 
given the fact th^'the ?onts cfn onf^K"^^^^^° ^^P^^^^ it, 
occasions when one prints Gothic °" 
It is as if you taught Russla^^^ 1940). 
Early scholars on Gothic IrleS ^".^^ ^" letters, 
fonts, With varym. de^,Vees^^iiuc^c°ess^?^ ^^at^Jfris^^o'^^i.lrT 
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1000003 OA 
LU 01 Of 

tU. 0107 
LU 0^07 

AN oau 

k\ C2\4 



S. i ,0074til1 
VlfUKUH VAN OARAINTA <ftA) IN ANOVAIRYJA OlJOIl. 
JAH (iA> FlUMAtOHA DAOl OIIIUIU W»yN.^ 
JAM QCMUH JAH OAfUUIOCOUH lfA> YO SKIPA SWC 9U0QUN. 
•ACI OATAVIDA YO CftAPOU ^AHIN 
«AEI OATAVIDA YO (»A> DU SAMIN. 

1 000004 ASA SO .OOMUiO 

M 0701 AYYAN JAIAI OAfWlLTlY CAftAI 

ON 0714 JAH 0AVCIHA1D9 UT <AM> «A UN0ALAUBJANO5 IN QCWl . 

ON 1103 lY HAUilV OINONf IAtA>i 

TT 0302 AINAI20S OENAIS (ABA). 

Tl 0302 AINAIXOS OCNAIS (A5A>. 

TB 0100 AINAIZOS OCNAlt (ASA>I 

1000009 OAKCOABA S 1 ,00140964 

RH 1919 9WE IN DA9A (OARCDABA) OAOOAIHA 

1000009 UNFAIillNODAtA S 1 .00149894 

TH 0210 JAH CUNfAlRlNODABA> IZUIS YAIM OAUUBJANOAM WC9UH. 

LU^IeOi ^'^^^JAH HAIIDA SA FPUUJA YANA^FAURAOAOOJAN INWINDIYOS UNTE fFROOABA) OATAWIOA. 
MK 1234 JAH lESUS 0A9AIVAN09 IHA YATEI (FWDA9A) ANOHOF DAY OU IMrtA 

« IDOOOOi HAR0A9A \ 1 .U014«8e4 

CO 1910 El AN0UAIRY9 (HARDABA) HI TAUJAU 

YY^03?2 ^^^"jAh\aN ALtA^ YA'EI witElNA'foAOUOABA) tlOAN IN XRI3TAU CCSU. URAKOS WfNNANO. 
TY 0312 JAH YAN ALtAI YA|El VILCINA WAOWABA) U19AN IN XRI9TA0 ICSU WRAKOS WINNANO. 

lOOCOtO OABIOASA S 1 .0014*964 

KO 0319 VAURD XRISTAU9 DAUAI IN IZVIS (OABIOABA). 



1000011 HABA 
JN 0M9 
JN 1019 
JN 1019 
ON 0729 
ON 1991 
CO 0204 
CR 0204 
CR 1112 
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IK UNHULYON Nl (HABA) 
UALDUFN1 (HABA) AFLAOJAN YO. 
JAH VALOUFNI (HABA) AFTRA HIHAN YO. 
AYYAN Bl HAUJ09 ANA9U9N FRAUJIN9 H\ (HABA), 
BR0YRJU9 YOEI (HABA) IN XRISTAU ICSU FRAUJIN UNSARAMMA. 
YOEI (HABA) UFARA99AU DU IZW19. 
YOEI (HABA) UFARAS9AU DU IZU19. 
1Y YATEI TAUJA JAH TAUJAH (HABA). 



Figure 6. Section of a reverse 
concordance of Gothic. 



(grairunatical) 



Meyer and I decided to do was a radical departure from 20th 
century tradition, namely to teach students to read Gothic in 
the Gothic script. If we wanted to imitate early workers, we 
could do much better than they, but that would merely be a 
modernization and one font. We decided early on to put our 
Gothic out in the original script. What we did was simple. 
We photographed photographs of the manuscripts, made 
transparencies of them, enlarged them and projected them on 
the wall using an overhead projector, traced them, put them 
on the computer screen and bit--mapped them. We thus arrived 
at an character set we could use to "type" a manuscript. The 
process is shown in figure 7. By the same process, we 
generated fonts for each of the various hands used in our 
Gothic manuscripts (there are 22 ; some are shown in figure 
8). The results are good enough to fool experts. They were 
done on a 256K IBM PC witli an IBM Graphics dot matrix 
printer. One can even simulate Gothic print on a dot matrix 
printer, so that textbooks can again be put out in Gothic 
(Figure 9). A piece of the Codex Carolinus (Figure 10) and 
of Hand II of the Codex Argenteus (Figure 11, with appro- 
priate typos) will show you the results obtainable. 

We come to our pifece de resistance . Imitating hands did 
not suit us, for we wanted more. We wanted to reconstitute a 
manuscript, to make a replica of the Codex Argenteus which 
looked more like the codex than it itself did. That is, we 
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Image by computer driven camera, ready to be 
smoothed and contour filled, then reduced. 



Font produced by electromagnetic process 

Figure 7. Stages in developing a Gothic font for a 
bit-mapped printer. 
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KRtAe|:rhit;KKnNjtnu)isTn0YX9XKBTAe|:rhii;KKMNxnu|tsT 
>f;fiC:frhir,K^MHynii[:sTn0y)c^>x->r.'fAC:frhir,KKMHynu[;! 

H\VAf.Frtiit>KiLM»>najcBTnoV)CfXKnVA«Frhi9KKHinnujc8T 

Figure 8. 10 Gothic fonts produced on a dot matrix 
printer. 



a^Mssi^xUNetKMnn .a. nmnh. 
^n T6iH|.n4iMVn .0. ^nsTX^at<> ^ ^ 

cAh vi^i U|.anii|.M ^vru •icnh iTinjt .a, xvkev rvyv^^^^ 

Figure 9. "Printed" Gothic using a dot matrix 
printer. 
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Figure 10. A dot-matrix facsimile of the Codex 
Carol inus. 

lST^^>^lH^l|^lx^n^lIIi^^p.^p|c^JLls•l^s^el 

«^^|^^^l^eI9sKlu^Y^I|c9l^);sT/Ln^|.|L9^);^NIKUI^|^^ 

lZYls*9^Telo^xnh^lx«v^rsl&|^xf|^selN^H^t^ 
sel^^^^l^l^)5^^K^ sKnx^Y^l)^^I^^^unH^|;^I ^^p^J;^N 

s^6lun);nJ^AY^x^sKnx^Y^I|;.^pn|^IN^^lMNN^N 

hiNiNS c;^&^lNnb^l|^^ls>llS|^<);elN«^n 
hnNsx^sT^.^^•c;^h^^lNM^^^^lnNelS^>^Tel 

Figure 11. A dot -matrix facsimile of Hand II of 
the Codex Argenteus. 



wanted a manuscript which looked like the original of ca. 520 
A.D., one which people could read. What we did was to use a 
digitizing camera to download pictures of the characters. 
Using enhancement techniques familiar from our space effort, 
we contour-rounded and filled in these characters, ending up 
with a type font which allowed us to type the manuscript, 
with the appropriate, but unintentional typos (Figure 12) . 
We had paper made which had the right shade of purple, ran 
our typed manuscript off on the Imagen, a prototype laser 
priiiter, made a transparency of this, had it silk-screened 
onto the paper. For technical reasons, I cannot print the 
actual result, in gold and silver on purple paper, but it 
looked some-what like Figure 12. The result could and has 
fooled experts, who thought we had simply made an excellent 
photograph of the manuscript, perhaps touched up. You will 
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say that this is a rather expensive pro^^^^^^^^^^ 
teimwork and money. It covild be ^one, however, wirn 
natrJx, a video canera and PC-EYE, and one cou^^^^^ 
on a cheap silk-screen device such as a Rex Rocaiy. 

•^a>M^.Kc;^^^N^^^A^s^T. ^>^^lnhu^^> 

«T^^^Ma>^^l^ssT^.ss^l"lN^^lM^ 
sne.MST^.N.\^r^.^^^>t^>^NlsYK 

c;^.h^fL^^nBel^t\l^filSNl^^t\^.n^ 

^l^c;MF^lYK^^L^^^lSl^^9^TGl9 
Ys3asl^Nl^s^|>ss^.YN^>^N^|:^l^ 




Figure 12. A computer-generated facsimile of the 
codex Argenteus. Note the typo in the 
fourth character. 

in conclusion, what I ^ave ^ried to present here 
in and of itself worth very much. But it the attempt or a 
humanities scholar, working l^^y^^^^^'ltY^J^^^^^^ tie 
Tnac2hines and tools he bought himself, m oj^"®*^ woi« , 
co?^age industry we humanists are accustomed to. If 
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real pro^ressTs to b;\^S:/"|f ^^^^^^^^ sJhola? I? 
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DIGGING IN THE DICTIONARY: BUILDING A RELATIONAL LEXICON 
TO SUPPORT NATURAL LANGUAGE PROCESSING APPLICATIONS 



Martha Evens, Judith Narkowltz, Thomas Ahlswede and Kay Rossi 



Advanced learners of second languages and 
natural language processing systems both demand 
much more detailed lexical Information than 
conventional dictionaries can provide • Text 
composition, whether by humans or machines, 
requires a thorough understuindlng of relationships 
between words, such as selectlonal restrictions, 
case patterns, f actives and other kinds of verb 
Impllcature. For verbs we need to know whether 
they are action or statlve, performative or not, 
and what kinds of complements they take. It is 
Important to know whether an adjective is non* 
predicating, non-attributive, action, or statlve. 
For nouns we need relations like taxonomy, part- 
whole, membership, and modification, and also 
attributes like count, mass, human, and animate. 
This paper discusses these and other kinds of 
lexical information found only implicitly, if at 
all, in most commercial dictionaries. 



INTRODUCTION 

Advanced learners of second languages and natural 
language processing systems both need much more detailed 
lexical information than conventional dictionaries can 
provide. Native speakers say 'doctor of medicine' but 
'specialist in orthopedics, ' even If they have to look up 
orthopedics to discover the spelling or meaning. 
Complementizers are especially confusing: wish and want are 
much alike, but we say 'I wish (that) he would go,' but 'I 
want him to go,' not 'I want that he would go.' Most 
conventional dictionaries, even those that explain subtle 
distinctions of meanings in a sophisticated vocabulary, 
assume that their users know how to combine the simple words. 
Natural language understanding and generation programs 
require even more detailed lexical information and are less 
well-equipped to learn from examples. It im the designers of 
dictionaries for advanced learners that have led the way in 
categorizing the kind of information that is needed and in 
trying to obtain and organize this information. 



DICTIONARIES FOR ADVANCED LEARNERS 

The first to propose a design for a radically new type 
of dictionary were the Soviet linguists Apresyan, Mel'cuk, 
and Zholkovsky (1970). They proposed an Explanatory- 
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Combinatory Dictionary that would explain the morphology of 
the word and Its government patterns, deocrlbe the lexical 
universe of the entry word, and the way It combines with 
other words Into phrases. The description of the lexical 
universe places a term In Its semantic field and 
discriminates between synonyms and near synonyms. The most 
distinctive and original feature of their proposal was the 
the list of 'lexical functions.' These functions Include the 
classical relations of synonymy and taxonomy as well as about 
fifty others, such as: 

Son - typical sound Son{cat) ■ meow 

Llqu - destroying verb Llqu( mistake) «■ tg_correct 

Prepar - ready for use PreparT table) « to lay 

Inc - increase verb I nc( tension) - tq^mount 

Dec - decrease verb Dec (cloth) » tq shrjnk 

Mel'cuk has published fifty sample entries for French (1984) 
and a much more complete dictionary of Russian. 

Three very interesting dictionaries have been published 
for advanced learners of English; the Oxford Advanced 
Learners Dictionary, edited by Hornby (1974), the Collins 
English Learner's Dictionary (Carver, 1974), and the Longman 
Dictionary of Contemporary English (Procter, 1978) • AH 
three contain detailed information about selectlonal 
restrictions, sentential complements, and semantic fields. 
The Longman Dictionary has a controlled vocabulary of 2,000 
words and comes in an American version. 



Although none of these dictionaries contains all the 
features described by Mel*cuk, they provide advanced learners 
with information not available in other English dictionaries. 
With great vision the publishers of these dictionaries have 
made them available in machine readable form for research in 
lexicography and natural language processing. The Longman 
tape contains further information too bulky to put in the 
printed book. 

It is clear that lexical knowledge involves not only 
words but phrases. Becker (1975) argues that people generate 
text by sticking together large swatches of preformed 
phrases, some only two or three words in length ('by no 
means' )r some a whole sentence ('I am so glad to see you 
again*). Table I summarizes Becker's classification of 
phrasal Information needed In the lexicon. If natural 
language processing systems are to create text that sounds 
natural, they have to have phrasal lexicons. 

If you take a strong lexicalist position, that is, if 
you believe that much of our linguistic knowledge is stored 
in the lexicon, then the range of what is considered to be 
lexical information expands to include case arguments for 
verbs, generic fillers of functional relation slots like 
subject and object, and triggers for syntactic rules like 
dative shift (as in 'Mary gave the ball to me' vs. 'Mary gave 
me the ball'). Also included are selectlonal restrictions. 
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collocations, and lexical-semantic r«.iii*-4««« 

and part-Whole. Many of thill Itl tltll T " taxonomy 

as important to computers as ?o .iSJJ^ f information are 
along with traditional lel[c»? fn/ language learner.— 

morphology, and pSo^o ^^i'" .iJ^S^ISri^". i^^*^ etymology, 
read text aloud [Church, 1986 J Programs that 

knowledge Involves not on?v ;8of^?I5*'''"°r' S""*" 
Whole networks of related wirSi 1"°''*^' phrases but 
natural way to express ?h Is k?nd 

about the words and phrases in?K °f 8««antlc Information 

extensive use of the lexical function ^» ^° 

Zhollcovsky, and Mel ■ cuJ ugTof Snd o? oJ^^T*^ Apresyan, 

relations (Evens, LltoJltz iar^ow?^^ ""iJitr'^'''/^"^"'^ 
1980; Evens and Smith, 1978). Smith, and Werner, 

i' Phir'°f^^ *° blow up 

4. sentence Builders x gave y a song and dance 

5. Situational Utterances ^ 

You are very welcome! 

6. Verbatim Texts 2hen°?" ^ •T!'' '"•^^^ 

When I consider how my Jife 
Is spent 

Table 1. categories from Becker's phrasal lexicon. 

the rLouices' illil^lTe'Vo ^^"^ '^^-^^ -^ulre 

dictionary. The only polslMe -J^-.^^^'M °^ « comme?cla! 
information as possible ?roS a lllVi^"^ ^° •'^^^^^^ ""ch 
While several British Sic t?on^^ readable dictionary, 
dictionary tapes available Jo? P^^^J^^^ers have made 

sources are available from the S^fo^HJ^K? ^"^ *«P« 
one American dictionary availabl^ Archive, there is only 
readable form: Webs te^ s levenJh ^ , f ^" machine 
John omey, who P?^! u?fc[^if ^Fl^isf l-^f^fl^ 51c|lonarx (W7). 
reasons for choosing to transcp?h2 ' described his 

American dlctlonar? (?968r Se wL T ^!?^'^^^ °^ «"°*her 
by the large quantify of c tat?onrcon''^*ru''^^^y Impressed 
the G&c Merrlaa Company and ?hf?i ^*!'' at 
these citations. ^ ^ ^^^^^ systematic analyses of 

Of th^J Jnf:?m:?j:;i:^":,eT^%^ information. Some 

explicitly In each lexical en?rv ^P^^^h' Is stated 

particularly Infor^a? on abo^t'"'^" "o'e Information, 

relationships, such as t«ivon«m< , . lexical-semantic 
object of verbs Is expJesseS J^n? ^^?^**^°"»*^^P« ^^^^ typical 
be extracted from denn?^inE il^^ 

available to us In W7 anS o,?^ ^f''^" ^^^'^ quantity of data 
lexical database we SecldeJ tTL °l ^"^^^^"3 a large 
possible automatically. This decl^ion^^ ""^^ as 

parse the definitions decision Implied that we had to 
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th.or.tlc.l framework ""^5, '"J^ SS IlaBint, wdarn 

.o-.what out Of «..hlon th. p.r..r 1. ^.n_^ .1 B^^^^ , 

piaca of aoftwara, saaer and orialman encouraga 

nunbar of aclantlflc ^^''V. ;™ii.bla a aet of «all- 

othar. to u.a "Sj, "j"*!;?;. aiS aophl.tlcatad 

wrlttan.anu.1.. ih. LSP ha, a axoallant 

f.^\\i« ?or "^Si„rrula. to tb. ,r..aar and for^^«^^^^ 

*'=;rrrlirctr"5."o""b:%^5 ^fglvrcop^ia'of' oSr 

5Jsrar^"?or°ir*?.fi;!t?o;;i <-Lj'-%^/%rr:?'„s'".'nrrax; 

which we have created for experlaents in parsina 
generation) to anyone interested. 

in the remaining sections of Sc??£e*'*ou"'a?iSSp" 
To\Trlll\l^^^^^^^ ?fxira!"iror«:t5on'Jro«V 
using Sager's LSP. 

LEXICONS FOR NATURAL LANGUAGE PROCESSING 
Most existing natural language processing »y«*«»' /^^^^J" 

systems can expand to understand input J"" . ^^^"^.^^ '^ni 

systems require even more knowledge than natural lang w 
understanding systems. 

we have set out to build a large relational lexicon for 
natura! UngSaS^processing "PPj Jr^SrorS^^ror'SS "sslMe 
detailed syntactic and semantic Whenever it 

ifj:rsrMe'^:rh3:;rfx';i:c;ed'fn.rrraJion^rtimat?^^^^^^^^^ 

'•S:'i:ianb5 constructing an interactive ^^^^ 

'%^S"v.'"';hS i"n?2Jac^!% irxUi^S^bundar" "nJ^idJa routlna. 

track of words that have been used in other entries, but are 
not yet defined themselves, etc. 

a -P-*" --»v on -a Part^of ^.paacb^^ 't^^ l^n 
J™bl«5w"r.e"ctro«rraatrl?t.ons, tail wh.thar tha verb 
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performative class ?s Jlven rj f^'^^'-'^tive . then the 
coaplements, then the coaplemeiitlaers •r.''??.^ sentential 
Information about Impllcature k listed r along with 

net-transportation! ^ NoSi ^ntML^' ^'f the verb supports 
facUvlty, and attrlbu?e2 sucS Jj!* k^^""^ 

count vs. .ass. For adw?i™ Ci.icrete, 
information, action vs itfJiv! selactlonal 
cannot appear In predlc*;. llViti " the adjective 

that fac?^rno?e?"^sp:cr.rc aises°of 

as being ordinal or «rd!naJ H weJl f^'^^''","' 

time, etc. We are «*?iV * ? ^ ^ color, size, 

categories as^de 5Jo« *° °"t adverb 

mannSr Huse e?c. ■ ^^^'^ duration, posltloS 




RELATIONS IN THE LEXICON 

words^'J^d'co^npts'ln Jhe*^!??? "''P''"' relationships between 
lexical funcJJSL ai wetl'^'^s caJi' re?*?/"^'"?" Mel^cuk's 
patient, Instrument; collocaJlonJ? r«r!M wJ^J' "J'*"*' 

words that go together ^^^""^ Identify 

relations such as part -whole B^l^ butter, concrete 

types of gradlng"ela?Ln^ "'^ made-out-of, and various 

WSdnesdax and hot-wa?i-looi co?^ "'''^r""'' Monday- Tuesdax- 
theyi^^elatlSSs^Jgrfff^d"^^^ 

had to search for hidden expre^^Ion^ o? ot'heJ'r^I^J^nr 

patterns' tSiri^na/^p^njlc'^l.tJS; Hf^°" recurring word 
are often called M^Jnl'ng JoJ^iJ^f f^^oef In!;: J"*'"?""" 
consist of one or more specific words in ? ? ?? 'o^mulae 
sometimes they also Involve f^e^JSi '^^^'^ pattern; 
parentheses (Smith. 1986) ?ib!e V tt.Lj''''''^T''^°'' 
defining formulae that appear ?n W7 .ioJr .^K .J"*' °' 
that they Identify. The^f^r^uU "A^i" ^^'^S relations 
signals a taxonomlc rei-tion-K4« w 4. ''^ consistently 
defined and the Sead nou^^Sj J^I^np S^" ^'•^"^ 
"Any of a" + NP usuallv m-rW- - f " sl»llar pattern 

scientific name o? thi Jl^^n^n,? taxonomy with the 

parentheses. The Jo^iSTa ^Jo "^Ee" /ASrcf^'"?*** ^'^'^ 
causative. The formula "To-- + +^ f J!-" ^Xpr^'"""' * 

typical object of the v-rK k-/ ^ -1 "° names the 

parentheses. More details Ibou?^2?. defined Inside the 
in W7 can be fSund In M«kL?tr "^5" formulae for nouns 

and Amsler (1980) "arkowltz, Ahlswede, and Evens (1986) 

Noun '':"?}Su%.,'"i;j^?„%.°'::s„.*-» 

relation and ,i»o stanals Jh.t %k*''°"* elewnt-aet 
hiaan. Th. formula "Sne who" I vl .fif 1« 
while, at the 9a«. time a?vlna L Jj" "^'""J' - human noun, 
v.r.. „e hoped thaJ^JSi flj.^i?? "Onrthf^J'^JpTSJa'^U!;? 
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a non-human noun, but that turned out not to be true. Most, 
but not all, of the nouns defined in this way are human. 



Formula 



"any" + NP taxonomy 
"any of a" 



'young " 



child 



"to make" cause 

+ AdJ 

"to" + V generic 

+ ("38" N) object 



"one who" generic 
"one that" agent 



Relation Examples 

nectar: any delicious drink 
capuchin: any of a genus (cebus) 

of South American monkeys 
puppy: a young dog 
lamb: a young sheep 
heat: to make warm or hot 
redden: to make red or reddish 
mount: to put or have (as 

artillery) in position 
lay: to bring forth and deposit 

(an egg) 
ghost: one who ghost-writes 
instructor : one that instructs 



Table 2. Defining formulae from W7 



VERB CLASSES 

The Stat ive/action distinction is important in the 
generation of dialog. Stative verbs characterize states of 
being like o wni ng^ being, and resembling, while action verbs 
name acts like moving, thinking, and doing > Not 
surprisingly, most verbs fall into the action class and are 
characterized by their ability: 

1. to appear in imperative form (e.g., 'Move! Bite 
that dog!' but not 'Resemble your mother!* and 
'Own the house! ' ) 

2. to take the progressive aspect (e.g., 'He is 
moving, he is biting the dog,' but not 'She is 
resembling her mother. ' ) 

3. to serve in sentential complements of verbs of 
ordering (e.g., 'I told her to bite the dog,' 
but not 'I told her to resemble her mother.') 

The best clue we have found for identifying action verbs in 
W7 is to look at the definitions of nouns derived from verbs. 
Those that are defined as "the act of <x>ing," where x is a 
verb, are typically action verbs. We have taken this r^ ite 
because we have been unable to e>:tract consistent formulae 
directly from the verb definitions and the verb entries in W7 
do n:>t tell us which verbs normally are used in imperative or 
in pr gressive forms. Unfortunately, the formula, "the 
quality or state of <x>ing," is not a reliable signal for 
stative verbs (e.g., "condensation: the quality or state of 
being condensed"). Some examples of defining formulae for 
action verbs are shown in Table 3. 
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F ormula Bxamples 
"the/an act or process Input: the act or process 

of" + gerund of Inputting 

"the/an act or process firing: the act or process 

"of one that" + gerund of one that fires 

Table 3. Defining formulae for action verbs. 

Another Important piece of lexical Information about 
verbs Is the case frame. For each argument of the verb, we 
Indicate Its syntactic role (as subject, direct object. 
Indirect object, or object of a preposition), its case 
(agent, patient, beneficiary, etc.), wh(%ther Its occurrence 
is obligatory, optional, or elliptical (that Is^ ordinarily 
required, but capable of oelng elided if It is understood 
from the context), and the selectlonal restrictions imposed 
on the filler of that slot. Thus the case frame for the 
sense of the verb promise used in 'I promise you a balloon,' 
or 'I promise you that I will come back tomorrow' takes the 
form shown in Table 4. For verbs that can take sentential 
complements we need much more information, first of all, 
about complementizers . 



Sy ntact ic Role Case 



Occ urrence Selectlonal 
Restriction 



Subject Agent 
Direct object Patient 



Obligatory Human or 

Collective 
Elliptical Concrete or 
Sentential 

Indirect object Beneficiary Optional Htiman or 

Collective 

Table 4. Case frames for verbs. 

In the 1960 's a group at Indiana University did a major 
study of verbs that can take sentential complements, 
resulting in about sixty lists of verbs that can appear in 
particular contexts (Householder, 1965). We are in the 
process of combining these lists with our lexical database. 
He have also written a program to test new verbs to see 
whether they belong on these lists. It uses our interactive 
lexicon builder to present verbs in a variety of frames to 
Informants at a terminal and Incorporate their judgments into 
the lexicon. If the Informants do not agree substantially 
then we review the verb ourselves and see if we can figure 
out what the problem is. This lack of agreement seems to 
occur principally Hlth relatively uncommon verbs having 
several senses, in a situation where different Informants 
know different senses. 

One Important attribute of verbs that take sentential 
complements is not-transportation. We say that a verb 
supports not- transportation if not, neve r , and other adverbs 
of negation can be moved from the complement clause to the 
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main clause without making a significant alteration In the 
meaning. The verb want supports not-transportation: 'I did 
not want to go* and 'I wanted not to go* have essentially the 
same meaning. The verb pr omise , on the other hand, does not 
display this attribute: 'I did not promise to go' and 'I 
promised not to go* have very different meanings. 

Some verbs that take sentential complements display 
rather complex implication patterns between the main verb and 
the complement. Verbs like realize , for example, indicate 
that the speaker presumes the complement to be true, e.g., 
'Mary realized that she was wearing magic shoes.' Verbs like 
pretend , on the other hand, imply that their complements are 
false, as in, 'Mary pretended that she was wearing magic 
shoes.' The Klparskys (1970) gave the name factive to the 
class of verbs that behave like realize and pointed out that 
the presumption holds even If the main verb is negated, as 
in, 'Mary did not realize that she was wearing magic shoes.' 
Joshi and Welschedel (1973) did a much more complete analysis 
of implicature relations between verbs md their complements: 
their results are summarized in Table 5. (Here R stands for 
the main verb, S for the sentential complement.) 

Implicature classes are very important for discourse 
understanding and generation because they link the discourse 
to the speaker's view of the world. To date we have not been 
able to find a satisfactory way of identifying the 
implicature class of a verb by simply using W7 . We are 
trying to see if we can extract more clues from Householder's 
verb categories. 



Class 



Impllcational Structure 



Jerry realized that 
Meg baked the cake. 
We managed to 
finish the Job. 
They allowed Jim to 
to visit China. 
Larry persuaded Bill 
to accept the job* 
Larry prevented Bill 
from winning. 
John failed to go. 

Mary pretended that 
Ben went home . 



complement constructions (adapted from 
Joshi and Welschedel, 1973). 



Factive 


R(S) ■ 


— > 


S 




R(S) ■ 


--> 


S 


Implicative 


R(S) - 




s 




R(S) - 






Only-if 


R(S) - 


— > 




If 


R(S) - 




s 


Negatlve-If 


R(S) - 


— > 




Negative 


R{S) - 


> 




Implicative " 


R(S) - 


— > 


s 


Counter-Pact ive 




> 












Table 9, Classifi 


0 4<ik . 


Of 


ma 
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An interesting class of verbs called 'performatives' was 
first described by Austin (1962) as part of his theory of 
speech acts. Performatives are action verbs which, when 
spoken, actually perform an act. When, for example, people 
say, 'I warn you,' they are simultaneously uttering some 

4- *i 
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words and performing an act of warning. Performative verba 
were also studied by Vendler (1972) and th«»n Vendler's 
classification was reviewed and reorganized by NcCawIey 
(1979). We have actually been using McCawIey's categories In 
our lexicon and, therefore , Table 6 represents NcCawley*s 
point of view. To date, we have been unable to Identify 
defining formulae for performatives, but we have achieved 
some success In classifying additional verbs by checking to 
see If the sense- level synonyms for definitions of a verb 
appear In our lists of performative verbs. 



Class 



Description 



Examples 



Verdict Ives 
Commissives 
Behabitlves 
Bxpositives 

Operatives 



Bxercltlves 
Imperative 



Advisories 



"essentially giving a 
finding as to something.** 
(Austin, 1962, p. 150) 

"promising or otherwise 
undertaking" 

"have to do with attitudes 
and social behavior" 
(p. 151) 

"make plain how our utter- 
ances fit into the course 
of an argument or conver- 
sation" 

"acts by which the speaker 
makc^t") something the case" 
(McCawIeyr 1979, p. 153) 
McCawley divides in two: 

"an imperative act gets the 
addressee to do the thing 
in question because it is 
the speaker's desire" 

"an advisory act gets him 
to do it because it is 
good " 



acquit 

diagnose 

estimate 

promise 

espouse 

agree 

curse 

thank 

apologize 

concede 

Illustrate 

assume 

abdicate 

appoint 

levy 

admonish 

forbid 

beg 

advise 
exhort 



Table 6. Performative verbs. 



ADJECTIVE CATEGORIES 

He have developed a large list of useful adjective 
relations (Ahlswede, 1985a), but we are still searching for 
more information about adjective classes and relevant 
«ittrlbutes. The actlon/statlve distinction seems to be as 
Important for adjectives as it is for verbs. There is one 
Important difference, however; adjectives seem to be stative 
more often than not, while more verbs seem to belong to the 
action category. Action adjectives behave much like action 
verbs. They occur after Imperative and progressive forms of 
the verb to be. K ind is an action adjectlvi while tall is 
stative, as the examples in (1) make^ clea^^; 
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/ 1 \ Be kind! 

» Be tall! . 

Sally l« only being Kina. 

• Sally 1« only b^ino 

The .tatlve-actlon P-S^^ttlJ.rTan'lt'ts^Jir llAT'rZ 
in W7 definitions 'o'i ^^J^^^i^?" ^J^rmula 'of or relating to" 
»any adjectives defined ^y^, the formula ^elating to 

seem to be stative, ••O;- "Be iAg ..." belong 

books." Adjectives defined as ^"^"^..^^^sed: being under 

consistently to the action class, e.g., curse, 
or deserving a curse." 

While most adjectives can «PP«- ^"SdJcatJng'SnS'o^h:?^ 
predicate positions, "•ctTiSpJopr!ate%o refer to 

kre non-attributive. It is P^'^'J^JiJ JP?'^bSt we do not say 
our neighbor as •^•^,5^^ • P^ise^^'a civil engineer' 
•this engineer is "^^^^ J^^Ji' .i"! ?o . person who designs 
is ambiguous, because it fJY -The engineer is 

bridges or to a P^^^** •S?i2'"ars onl^ the Jolite%ense is 
civil.' the *»*>iguity disappears, oniy Adjectives are 

possible. TWO very common 7°"-*J*^i*^?r::.ke' or -My class 
!5^ls!fep"^t \ llnnlVreTer to -my awake class" and 'my 
asleep class. ' 

Another problem for text 8«"««*i°3„^''^°S^?:^ ld«2 
advanced learners who are t'Yl"9 «° ^ nMbe? of idjectlve. 

phrased : 

demonstrative > ordlnal^> ^ ^^^^^^^ ^ ^^^^ ^ 

as in -these first six handsome large red tr^^^^^ In our 
lexical database we mark adjectives accor g^ ^^^^ 
categories, ordinal, ordinal, "J"' are missing many 

time and measure, ^ut we are sure that we^are 
other categories and much impor^ani; 
for adjectives. 



CONCLUSION 

language Processing, then we need to ma commercial 
which are Impljolt or mi^ji^J ^^^^^.d on a few 

JJctJS^rtif iut'i!'o ler^r .^^lU le.rne?. of eecond 

languages . 
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VOCODERS AND SPEECH PERCEPTION: 
USES OF COMPUTER-BASED SPEECH ANALYSIS-SYNTHESIS 
IN STIMULUS GENERATION 

Joseph Tierney and Molly Mack 

produce these Sata have bcin obtaiJl^^^^^^^^ years stimuli used to 
tortion of the speech waveform . """" "is- 

For purposes of rore comnle^ accompanied by noise, 

parameters of specTh can be Inin T/h 8;""=*'°" however, the 
synthesis..using varLs tvn«ror '"^^^^^ ""'^ before 

stimuli of inte?esr to t"e Jx'pe"i„tte?"'*""^ '''''' '° 

synthesis tec^^l^'^s'^wh^c^'iSX' H-r7"' ^^^P" '""based analysis- 
speech production and ncro.n^'^ different assumptions about the 

experiments in wJich syntheXn We also describe 

utilized. synthesized speech has been or easily coulo be 

INTRODUCTION 

speech-lr^e^Sa^'stStjrVS Td^^'^^" ^^'^^ ^"-^^ - 

of the variability of the signal and th« Hirr-^ ° ""V*" ""'^ administer because 

single features. In spite ^ the cia lenges''l'ed°'h''°'=''"« ""'^ 
experiments utilizing natural speech which has f?/ "J""^ 
produced valuable data over the past several JS' 5 ",w'n distorted have 
A Hunnicutt. 1980; Luce et al . %?3; a^l^^^ * ^'^^'y' '^^^^ Pi^oni 

been woVll'^sX^ coL^'jol^^coLr^^lL^'s^^^ ^^"^^ 
techniques used in this work can bTTdaDterr^Hiiv computer-based 
stimuli for perception research More specif icaUv r^^ T"""'' interesting speech 
into a descriptive stream of binaVy diahs transforming the acoustic signal 

.nes. satellite links, and Packet 'coZun c oi^ ^aV^^^^^ ^^'^P''^"^ 
communications engineers for many years ^Fl,n^L \ * ^^t'^^'y of 

have been developed for dealing Ifth th s ^oe nf" "'^'^'^^ Many techniques 
techniques can be implemented wTth Dro«r»™^ ^11 of these 

digital processors. anS thcr fore hey cfn be T.T^ °" °' 
psychophysical research. ^ ^ "^^^ speech-perception and 

SPEECH ANALYSIS-SYNTHESIS AND APPLICATIONS 

their ra^?atri°e'.:?he'Ja^"arw=h^c^h?y"t'^^^^ -cording to 

devices, such as those in the 6 to eVkilolit! AeT , '"""'^ "'8'' 

They work directly on the speech '^^^li:'^^ X:.^^!::^:^^ 
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u '.^e Th^ee devices arc used as standards in 
about the underlying spccch mecha^^. m^^ ^j^ ^da a" ate devices, such as those in 
the telephone industry and "> j^e njiiitary^ sophisticated than the high data-rate 
the 4.8.to-16 kilobits/sec '«"8C' a J soph st.cat^^^^^^^ speech-percep- 

device,, and they ^r^'^.l^^^Jf^^^^^ Z cT'oJ^^cr, which are perhaps of 
tion research. It is the low 'ja" "JJ '. . ■ jhesc devices, often 

greatest interest from the speech f " ^P";;",*,," data rates in the range 

referred to as vocoders °^a"aiy"^^-^y"^?"''h7a eat«t^^^ for spccch signal 

of .6 to 9.6 kilobits/sec. Vocoders provide '^l ^'^^f^^^^^^^ 
manipulation because they assume a speech-production moaei y 

For speech to be usefully intelligible as in 

it must contain acoustic .^VcaS PC « e^ of app'roxi- 

of reference, a human ^'»\80od hearing can perc^^^^^^^^^ q ,neode and 

mately 20 Hz to 20 ^Hz".x f rom 20 to 20 000 cy les/sec.) I ^.^^^^^^^ 

transmit a speech "^nal wi h a band to measure 

becomes necessary to model the speech P^^"''"" , . .^e receiving end of 

parameters of the model. This '^„'=^"f„3V'd ^ h t^e moderto recreate or 

the transmission, the measured par metcrs^^ ^^^.^ 

2vta^''roi;i;-corg\.?o;ithms"whic^h°a^^^^^ spee^ch signal to be encoded and 
transmitted in the range of 1000-4000 bits/sec. 

The analysis process presents us with parameters which describe the speech 
signal^'nViSrcJn be m'odified to certain of ts pro^ 

the systems in use at present, t"'' ;L'*'°rde^ed as^^^ Thi mecha- 

that the speech-production mechanism the vocal cords 

"rch^^r:drcr^o!c^T(p:?i^d1critndI^n - fundamental 
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Figure 1. Lateral view of the sp-'cch-production mechanism. 
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frequency-recognized perceptually as pitch. The source may also be some type of 
intraoral constriction, such as that used to produce voiceless (aperiodic) sounds, or 
it may be a combination of voiced and unvoiced sounds, such fts that used to 
produce a voiced fricative like [v]. The filter is the supralaryngeal vocal tract 
which includes the nasal, oral, and pharyngeal cavities. It may properly be 
considered a variable acoustic filter whose shape specifies the fgrnyapt frequencies 
(also called the vocal tract resonances) of a sound. In Figure 2, note the display of 
a simple input waveform (a waveform generated by the energy or sound source) on 
the left. The period of the waveform is represented by T- To the right is the 
complex output waveform as it appears after being filtered by the supralaryngeal 
vocal tract (resonant cavity). Below these waveforms are spectra displaying the 
fundamental frequency (FO) and harmonics of the sound source, the spectrum 
envelope with formant frequency peaks, and the actual output signal, with the 
spectrum envelope superimposed upon the source signal. 



^Jl A 

SOURCE 



RESONANT 
CAVITY 



i I 



T- H 



SPEECH WAVEFORM 





llllllttmTTtTftTT.tfrh. 



(a) 



<t>) 



(c) 



Figure 2. Top line: Input signal before and after filtering by supralaryngeal vocal 
tract (resonant cavity). Bottom line: Spectra showing fundamental frequency and 
harmonics generated by sound source (a); spectrum envelope with filter formant 
frequency peaks (b); and combined source and filter spectrum (c). 



The challenge in speech analysis is to measure accurately these speech 
attributes using only the transduced acoustic signal available as the electrical 
output of a microphone. Assuming that the production model is accurate and that 
the articulators vary as a function of time, we can expect the measured spectra of 
speech signals to resemble the examples presented in Figure 3. The spacing of the 
harmonics (the vertical lines) in each spectrum reflects the properties of the sound 
source, with more widely spaced lines characterizing a signal of higher frequency, 
as in (a), and more narrowly spaced lines characterizing a signal of lower 
frequency, as in (b). The vocal tract filter determines the envelope of the 
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Spectrum whose peaks, at or near formant Trequencies, specify a given sound. The 
height of the peaks reflects their relative amplitude, usually measured in decibels. 
In this figure the spectrum envelope is of a different shape in (b) and (c) because 
the configuration of the vocal tract used to produce the sounds in (b) and (c) was 
different. Thus, the spectrum in (a) could be the vowel [a] produced by an adult 
female, and the spectrum in (b) could be that of the same vowel produced by an 
adult male. The spectrum in (c) could be that of the vowel [i], also produced by an 
adult male. Once the relationship between the source-filter mechanism and the 
spectrum is understood, we can estimate the acoustic properties of the source and 
vocal tract filter from the measured spectrum. In fact, this is one way of deriving 
measurements for vocoded speech. 



10 




0 12 9 4 



<•} REIATIVEIV MtGH PITCH 




kHz 

(b) SAME VOWEL AS U) WITH LOWER PITCH 




kHz 

|c) DIFFERENT VOWEL WITH SAME PITCH AS (b) 



Figure 3. Line spectra showing fundamental frequency, harmonics, and formant 
frequencies for higher* and lower-pitched vowels. 



ERLC 



49 



th«. vocoder,. Although ^micZlT t 

•ttention, we do not mtitn to suBBeat rh.r j/j. the greatest amount of 

•re the other types of v"ode« In r«fu ' " »° 'P^^h '"«"ch than 

below could be carried o^t whh anv «f J^.* ' "T"" °^ experiments discussed 
the selection of one type ^f iocode^r over .„'^k consideration. (In fact, 

preference of the researcher r Howe t«^r^^^^^ T"' ''u""''^ P«"0"» 
different algorithms for analysis and svnVh^i, ./h"* each vocoder utilizes 

somewhat different quality And Ji«rr.i I P'^**"" 'P"^'' of 

synthesized output ira p'eciHc way peZ^^^ ^^^-^'o' 
Thus, it may be that one tvpe of On^n^T, • * type» of manipulation, 

exploration of certain research i„u« J^- " somewhat more effective for the 
produced in noise) than another. * * P"*"''"'*'^" of the spectrum or speech 



Channel Vocoder 



schem^atfcaT;?; F?g?r:^T^^'^t ^^nner^rco^:''^ ^''"7' ~^ 
bank of filters splits the speech soectrum J- * " "."'y"' consisting of a 

energies are measured of en enough to C un^^^t/'S?""'^ ^"^^ 
articulation (Tierney et al.. 1964; Gold et al fSsS) When rh?' 
I S spectrum is recreated using a similar filter hint i "S synthesized, 

signal needed to recreate the sound source nt tL J •• ""'"rement of the 

be examined directly, or the s7gna1 specJrum ^JL T*'"" waveform can 

used, only a low-frequency UtiSn is n«S 5 «n«'y?ed. If the waveform is 
cords (as in a voiced sound, sucras ?^/ 

constriction (as in a voiceless sound such as rti ol rln . "r "°««-P'Oducing 
cgressive air flow (as in [hj). ' ^ f''^' °' «»" unconstricted 
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With the spectrum envelope (-^osc frcQue„<,e .pp^x^^^^^^^^^^^ 

tract) and the spectrum fine the pertinent 

sound source), it is PO^i^lc to recreate • «PJ «.gn.l by me.s ^J^^^^^^^^ 

parameters rapidly (every lO-lS msec). .^Jf * ""^^ the different frequency 
This model is the detailed ' 'f'^ Z the relationship 

components; that is. we measure only the energy . 
between the harmonics which constitute the ''J"*'- „,„ow enough- 

sufficient resolution-i.e.. if the f'«?«"7,/"«%°'^,!^'„,^^^^ San still obfain 

and if the source determination is sufficiently accurate, we 
recreated speech of excellent quality. 

The Channel vocoder has . number of 
research, and several experiments have ^^^jlJ^J^^^./S ^i, 
some of these applications. For "^"^P'f ' about the vocal 
pitch signal used in the synthesizer contains very I'ttle inrorma ,^ ^^.^^ 

fract. but it characterizes the fundament. f'^QU^n^V ^Uch discrimination experi- 
The waveform of this signal can be ""^ as a basis for P"^" ^ ,in,p,e 

ments in which the ^""damental frequency is .^^^^^^^^ ^ 
distortion can. for example, be obtained ^y "^'ni " ^ ^ ^o^al tract 
constant. The resulting pitch signal «n then be passed J^stortion. One obvious 
filter to determine what the speech f°"'^'*»J'V.n^ ation of o^^^^^^^^ filter. A 
application of this procedure (e.g.. 
researcher might wish to examine the PJ'^P*"' f ""'^ fn doing so, one 

female) voice being Produced by « j*/*;^ J/*;,*?/,*,^ o? ?un7ament2l and formant 
could thus ascertain the '«J«''^« P""P*"\V«k!rand o determine what 

frenuencics in signa ng the gender of a speaker ana one ^-wuiu 
kind of trading r?lation%xists between these two acoustic cues. 

Another application involving manipulation of the ^^^^^^ 
in experiments in which '}>'^'y ^^fj:^^^^^^ ?9 6) in thTs 

an experiment has been di ferent ty ™of stimuli 

experiment, listeners were P'f".n'«^,J'*J J,*^' ,timuf"w^ «oustic 
consisting of simple P" « J;««"» <r°Vnee, ^» ^"^^^^^ 

complexity), monotone sentences. J,"^ a high-quality channel 

generation of the sentence ^ack and Gold used a n g q ^ 

vocoder to produce sentences whoso FO differed r o m u 

increments. Subjects were P'"<="'«d.*'»J ^J' fad denticafor 5 fferent pitch, 
indicate whether the two members of each pair haa laenucai 

Resuhs are presented in Figure 5. 

sensitivity to fine differences in overall FO. ^■^J^^'l"^^^^^^^^^ in the pitch 

a constantly changing FO (as n«'";.^,.^P"^^„'*5")' ''"'fo as may be seen in the 
of sentence pairs are especially d'ff'cult to dctcct^^^^^^^^^^ ,3 
f.gure. subjects performed near chance (^l ^ only about o\ tn p^^^ 
different) in the natural-intonation condition, even in response lo 
pairs whose pitch was most dissimilar. 

Mack a»d Gold u«d .h. s,m. vocoder in . ;,:«j:;'"5'l';„''''fr.lTs 

rH^=;»rr;"co'?.r ^;?i4^o7«L^»rstr,c;"or™r.., or ... ..d 
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Figure 5. Discrimination functions for three types of stimuli-monotone pulse 
trains (PULSE t.)» monotone sentences (MON. s.). and naturally intoned sentences 
(INTON. s.). 



\ >tural intonation contour and the other had a contour which was linearly 
intivpolated in increments of 20 to 140 msec. In Figure 6a, a schematic of this 
intr eolation process is presented. As this figure illustrates, the FO of the signal 
w^s linearly interpolated between two points, rather than being allowed to 
fluc:uate in a natural manner. In ' discrimination task using these stimuli, 
subjects were required to indicate whether they perceived a difference between the 
members of a stimulus pair in which one member had a natural intonation contour 
and the other an interpolated one. The objective of this study was to determine 
whether or not subjects would find sentences with interpolated pitch segments 
acceptable. Results of this experiment were, unfortunately, somewhat unclear due 
to the fact that some of the listeners found it extremely difficult to discriminate 
between the stimuli. Still, the trend was that subjects perceived a difference 
between the two types of stimuli, but only when longer interpolations were used 
(see Figure 6b). Thus, this experiment suggested that listeners seem to be relatively 
insensitive to charges in FO provided that the overall pitch contour of a sentence is 
maintained»a finvung in agreement with that of Collier (1975), t*Hart (1981) and 
de Pijper (1983). 
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Figure 6a. Schematic of normal pitch-period contour and linearly interpolated 
pitch-period contour. 
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Figure 6b. Average discrimination function for pitch-interpolation experiment. 
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the ac1u\f c?St"of ^rodr„g"W vocoder, involves exan.i„aHo„ of 

ntclligibility of speech in fou cond t^on, wa, aJllv^ "'^ 
(I) natural (non-vocoded) soeech m vnonH J analyzed. The conditions included 
added to the pitch track aS5 4) tocoded spe^h" r°^°ded speech with noise 
Speech stimuli consisted of 57 sentences Dres?nL *° spectrum, 

gual subjects. All sentences were Te^Slv «nl"? *° 
mean.ngiess. (An example of such a serine/ S'^mmatical but 
Subjects were required to write each slntenc/"-- "ats.-) 
after they had heard it. Analysis of rhr^rrnr. '""/''^ " immediately 
twice as many errors in the vocoded as the nl^-f '''' ^"^^^^^ 
the fact that the vocoded speech was of ex rrern^r l"''!.""'' condition, in spite of 
made numerous errors in response To vocoded .^ l """'^y- Moreover, they 
track, and they made even mo e errors wh^n'^n »° ^^e pitcf. 

Mack (1987) also used natural and vocoTed ano J^^^^ '''''''' *° ^'^^ ^P"*'"-"- 

study of English monoiinguahand Gerl„ r « comparative 

Analysis of the two groups' Lform^„T °'V'!l"* German-English bilinguals. 
sentences less ir -MigiVleThanThe na?ur^^^^ ^^^^ f^""" the vocodej 

especially high error rate (even in responsi to b'''"8"«'» had an 

^rng^^e^-Trnrom?dr^ i~ ^^^^^^^^ 

Which mjght not be apparent in ^ettr^h^ ^erpl^f.^d^a'^ndTS^^^^ 

research''e;s%i^«ract^l mVnipulafe",^^^^^^^^^^ P'^"''"'^ Pcr-nits 

there is another type of Tianar nl Jn^^^^^^ independently 
which has considerable poteTaMn n.Tolr^ expansion and compression^ 

consequence of time expansion Somn?«°" '""'u'"- Specifically, an interesting 
utterance can be changed w thoJ"alter?nThrf" ''"^P^"' of a^ 

To appreciate the significance oAhis t is ?nlv"n^^^^^^^ frequencies, 
happens when a speech signal is played on « r^n. ^hat usually 

rate than that at which it tas recorded ^Se J«d n^^n''" ' °' slowed 

-nd. a. a rjsult. the fundamental freauln.v '^f .^ is changed 

resulting i. an unnatural and high pitch^^^^^^^ fP''"^^ " ^''^"Sed as well, 

•n a low-pitched "drunken- qualUy ?n tSfslow LVk"' wu'- " "P''' ^P"^" 
one to make often dramatic speed rate chan/e, i„ Tk""' ''^^ P"'"^* 

effects just described do not obtain a. iVn- ^ °"*P"'' the unnatural 

speed of the speech articulators i ^fVe iveirdTr^'t'.'^'^'*" ^"^^ 
not changed. The resulting speech remain?hfJM ^ "^^^^ frequencies are 

Homomorphic Vocoder 



sou.v^^r;oe7l^^:f/-^^^^^^^^ vocoder. This vocoder derives 

la and Ib^ ). Ass.minV iha the ^n^ sour^^^^^^^ (see Appendices 

overlap badly, the logarilhm of the spectrum c.^ ''P*^'" 
sum. That is. if the parameters of the vS "act rthe vtr'-°,M " ' « 
not change rapidly relative to t»xe s^nd source thin .K. J^'f '""'i'" ''^ 
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Channel vocoder time expansion and compression. 



instead, a filter based "PO" transrorming^t^^^ 

operate on the energy source. This type of/^/'^f;' 'y/" ^,3^^ in the same ways as a 

communications and research applications. 

Linear Predictive Coding Vocoder 

Cu,rcn.,y, .he vocoder which "rApt^dfAr'^.h^hT^l^j! '.M 

linear predictive coding (LPC) '"'J^^S .rid -ith .he same .ource 

rrti'.e^'v'ars.nra ?rr»r:s n zt: w^ir-o l o„.pu. wverom, . 

linear filter (Makhoul, 1975). 

Pi„i„. a linear ri,.cr .o .he ^P-e^- -"for™ - ^^^^^'^^^Z^ZSJ^f^ 
a computational point of view, .^s %r«uit. tne ^400 bits/sec-thc 

encoding and transmitting speech at ♦he standard aata ,he LPC 

nte used, for example, on a tclcphonc-line modem, one described, the 

vocoder is that, because °f /^e way .n wh h the vocaM ^^.^ .^at 

frequency spectrum is not explicitly present 
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only t small set of trans Tormations can be implemented or that addition9l 
calculations are needed to compute the vocal tract spectrum parameters. Instead of 
presenting the frequency spectrum explicitly, this vocoder describes the inverse 
filter impulse response which is used to compute the vocal tract spectrum. This 
filter description can be used to manipulate certain parameters of the signal 
directly. For example, it can be utilized to "sharpen" formant frequencies (i.e., to 
reduce their effective bandwidths) or to reverse the phase of a waveform. If it is 
necessary to modify only the source signal (as is done in a pitch-perturbation 
experiment), then the fact that the spectrum is not explicitly present causes no 
problems. The LPC vocoder may represent the simplest way to implement an 
analysis for generating modified speech signals. Hence, its application in speech 
research is potentially great. 

Sinusoidal Transform Coding Vocoder 

Unlike the vocoders described above, a sinusoidal transform coding (STC) 
vocoder does not treat the sound source as a periodic pulse train (for voiced 
sounds) or as a noise signal (for voiceless sounds). Rather, it characterizes the 
sound source as a sum of sinusoidal waves which vary with respect to one another 
(Quatieri and McAulay, 1985). In analysis, the peaks of a short-term spectrum 
measurement are used in specified time-frame intervals to characterize the speech 
signal sinusoids (see Appendix 3). This "peak picking" occurs in both voiced and 
voiceless signals. Thus, this coding technique does not separate the sound source 
into "buzz" (voicing) and "hiss" (voicelessness)» one of the more difficult 
measurement decisions to implement. At all times, the sound source is represented 
as a sum of sine waves. Provided that a sufficient set of peaks is selected, the set 
of parameters measured at every frame time characterizes the speech signal 
completely. 

One problem which must be solved in the application of this technique 
involves matching the measurements made from one frame to the next. It is 
necessary to match these measurements so that continuous parameter tracks will be 
generated, i.e., so that the synthesized speech will sound continuous, as natural 
speech does. A solution to this problem has been developed. It involves an 
algorithm for a frame-to-frame matching procedure in which the frequencies in 
frame k are lined up as closely as possible with the frequencies in frame k+l. If 
there is a peak in frame k that is not matched with a peak in frame k+l, the peak 
in frame k is allowed to "die." (That is, a zero-amplitude peak of the same 
frequency is assigned to frame k+l.) Likewise, if there is a peak in frame k+l that 
has no counterpart in frame k, its "birth" is assumed. That is, it will be assumed 
that a zero-amplitude peak of the same frequency started in frame k.^ 

As mentioned in the discussion of the channel vocoder above, it is possible to 
utilize time expansion and compression with the STC vocoder. However, with this 
vocoder, time expansion and compression are somewhat more accurate than with 
the channel vocoder. With such a procedure, it is possible to use speech features 
themselves to control the time warping so that specific segments of ihe signal arc 
automatically perturbed or left intact. For example, time expansion (resulting in a 
slowed speech signal) could occur everywhere in a speech signal except during the 
production of plosive sounds, such as the stop consonants /t/ and /k/. If these 
sounds gi£ included in the time expansion, the result is speech which sounds as if 
the speaker is having difficulty articulating (see discussion of time expansion in 
the section on channel vocoders above). However, if the time expansion does not 
include these sounds, the speech sounds normal but deliberate. This kind of 
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selective transformation of the signal can also be effected by hand-^editing a 
displayed waveform of an utterance, This method would probably be employed in 
ger rating stimuli fov a perception experiment, since it provides greater control of 
the transformed utterance than automatic feature-driven time expansion does, 

One obvious application of the STC coding procedure in speech research 
involves utilizing time expansion and compression to determine listeners* 
sensitivity to rate changes in different segments, such as vov/els versus consonants, 
and in different parts of utterances, such as sentence-initial and sentence-final 
position. One advantage of using vocodcd stimuli here is thai, fully elaborated 
sentential and contcxtualizcd stimuli could be generated quite easily, enabling one 
to assess the effect of rate changes in relatively naturalistic utterances. 

CONCLUSION 

In the present article, it has not been possible to discuss all types of vocoders 
in use* However, wc have presented brief descriptions of four of these vocoders- 
four which have already been used or could be used in psychophysical and speech- 
perception research. For, although vocoders were originally developed for the 
coding and transmission of speech signals, the techniques employed for deriving 
and transforming these signals can easily be used to produce stimuli for probing 
listeners' perception. The low data-rate vocoders described above seem especially 
well suited to applications in language research. Some of the speech-processing 
techniques wc have described are more complex than others, but all have been 
simulated and implemented in current digital computing facilities-and all are 
potentially accessible to the interested researcher. 
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NOTES 

'Hertz (Hz) is a unit of frequency equal to one cycle per second. For 
ex^'^-'ple, if an object vibrates 256 times per second (as does the string on a piano 
to produce a note of middle C) its frequency is 256 Hz. This value is the 
fundamental frgciucJ-l^Y. (FO) of the sound. In addition to the FO, a complex sound 
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such as a piano note (or the human voice) has frequency components or harmonics, 
each of which has a frequency which is A times that of the FO. Thus, middle C 
has harmonics at 512 Hz« 76S Hz, 1024 Hz, etc. Further, any complex periodic 
waveform can be analyzed as the sum of a set of harmonically related sinusoidal 
(sine) waves. A sine wave appears on an oscilloscope as a simple smooth wave, 
such as that produced by a tuning fork. The analysis of a complex waveform as 
the sum of harmonically related sine waves is a fundamental principle of the 
mathematical procedure called Fourier analysis. 

While the fundamental frequency may be considered an acoustic property of 
the sound source, formant freouencies may be considered acoustic properties of the 
filter. Formant frequencies (or resonances) are those frequencies at which 
maximum energy passes through a filter. For example, the first three formant 
frequencies for [a] produced by an adult male vocal tract are, on the average, 730 
Hz, 1090 Hz, and 2440 Hz (Peterson & Barney, 1952). 

These and the following figures appear in the appendices. These figures 
consist of block diagrams of particular vocoders and they are designed to demon* 
strate (e.g., to a speech-systems computer programmer) how the vocoder algorithms 
are implemented. 

^The frame-to-frame frequency matching technique does not, of itself, solve 
the entire problem of providing a continuous synthesized speech signal The phase 
relations must also be interpolated smoothly. Discussion of the procedure for doing 
so is beyond the scope of this article. 

^Other types of vocoders being utilized at the MIT Lincoln Laboratory and 
elsewhere include mid data-rate systems such as the sub-band vocoder and the 
voice*excited vocoder. In addition, several new techniques for manipulating speech 
have been developed (Seneff, 1982; Portnoff, 1981). Although the resulting systems 
produce speech of excellent quality, they are costly in terms of computational 
complexity compared to the systems described in this article 
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APPENDIX la 
Homomorphic vocoder: Speech analysis (spectru 



m separation). 



h(nT) 



•{nT)o-^ 


FOU.^IER 
TRANSFORM 




log 


Sico) 


INVERSE 
FOURIER 
TRANSFORM 










MAGNITUDE 






MULtmJER 



cInTI 




•(nT) 



TIME* 



TIME- 



FREOUENCY 



c(nT) 



TIME- 



APPENDIX lb 
Homomorphic vocoder: Speech synthesis. 
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APPENDIX 2 

Linear predictive coding (LPC) vocoder: Filter determination. 
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APPENDIX 3 

Sinusoidal tranform coding (STC) vocoder: Analysis and synthesis. 
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CURRENT TRENDS IN COMPUTER-BASED LANGUAGE INSTRUCTION 

Robert S. Hart 

Current computer-based Unguage lessons are weak in the areas of error analysis 
and feedback, cow-municative realism, and convenient lesson authoring. This 
paper reviews research underway to improve lesson quality in each area. The 
best hope for systematic grammar-sensitive error analysis seems to be based on 
parsmg techniques borrowed from natural language processing. Both simulation 
designs and current work with interactive video offers greater communicative 
realism. One approach to convenient lesson authoring involves adaptation of 
word processing techniques to create analogies with textbook authoring. 



It IS not news that the attempt to make computer-based language instruction into a 
national educational reality faces a wide range of problems. Most schools now have 
computers, but sometimes only one or two per hundred students. When there are machines 

hI!!!? ^ of mathematics and science 

Classes. Textbook publishers are jumping into the language courseware market, but they 

"^^IJ Jlr^ °^ "^^^^ falls into the category of electronic 

woricbook exercises. Freelance authors write for the lowest common denominator of 
hardware in order to increase their market There is powerful new haixiware, but it is not 
clear that most schools will be able to afford it any time soon. And, to complete this litany of 
difficulties, many language teachers simply do not believe that computer-based instruction 
really improves on the textbook and paper-and-pencil techniques it is designed to supplant. 

This skeptical attitude of teachers, which arguably accounts in large part for the 
remaining problems, cannot be shrugged off simply as the results of ignorance, conservatism, 
or technophobia, since those same teachers have been quite willing to adopt computer 
^ »!c'?7' "^""^ Pressing) when it is clearly superior to the pre-computer 

... ""^'l" '*"8uage teachers, by inclination as well as necessity, are 

connoisseurs of new teaching methodologies, and if they arc not convinced that computer- 
b^«i language instniction is a superior tool it is probably because tiie evidence just is not 

.f«.-.ST"' in fact lack features which most teachere consider crucial to 

efficient language learning, notably: » «" " 

Error analysis and feedback: Teachers want programs that identify students' 
written grammar errore, and that mark them the way that paper-and-pencil 
exercises are marked. ^ 

Communicative realism: Teachers would like more realistic lessons which make 
mtcraction with the lesson seem like a real language use situation. 

Convenient lesson authoring: Existing options for creating lessons are 
cumbersome. Teachers need an "electronic ditto machine," useful for quickly 
manufacturing exercises targeted directly at their own classes and syllabi. 
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As long as these features arc lacking, most teachers arc simply not going to fight to put 
language courseware into their classrooms, no matter how hard the sales pitch. Fortunately, 
new microcomputer hardware and software now commonly avaUable provide an improved 
set of tools for attacking these problnis and a great deal of work intended to remedy these 
shortcomings is now underway. The remainder of this paper is devoted to reviewing some of 
this work. 



ERROR ANALYSIS 

Whenever the student has to type a response longer than a word or two, the possibility 
of multiple grammar erron exists. Feedback which locates and identifies the errors actually 
present should (presumably) lead to more efficient learning than the ever-popular "no, try 
again," or some generic hint at the correct answer. Instructors have been requesUng this 
capability nearly as long as language courseware has existed, but attempts to provide it have 
all fallen short in various ways. 

The PLATO system "error markup" (Figure 1) typifies one approach to feedback. This 
scheme describes errors in terms of editing operations such as insertion of extra words, 
omission of required words, movement of words to the right or left of their correct condition, 



The quick brown fox jumped over the lazy dog. 



> the brown quick fox jumpd oar the big lazy Dog. no 
^ A < ===== XXX XXX f 




Capitalization error 



Bad word: Mangled spelling, 
or else should not appear in 
correct answer at all. 



Word is misspelled. 

Word is out of order: it should appear further 
to lef\ in sentence, at one of the 'A' marks. 



A word that should be here is missing. It may be 
elsewhere in the senterKe. 



Capitalization error, 



Figure 1. PLATO error markup 
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s™f"J?;h^^^ ^ shown by a standa^ 

diiection. F^'xamXEnBS aSSSt^^^ languages go even farther in this 

computer-based insfuction orovides ^^^1? i^^^^ ^'f!"^ ^''P^^'^y application to 

insertions. omissionrr;JSTri>s1u^)nr^^^^ ^V^^^nt enS^ and for 

authoring system uses a schSfe SrLn J^^^^^ '^"f"' ^« I^P^'a^ DASHER2 
dashes oFcLts. 'P*"'' ''"^ disagreement are indicated by 

respond cva^'utLl'^^^^^^^^^ as a norma, pa. of 

graphic symbols can l^le^n,^ quick rZ^Tct,^^^ f"°" f'^^'- "^^ '"^^"^"g of the 
from the markup to diagnosTtnd coS^t A^ml f'"" ''"f^^'^"' infomiation 

this is sufficient ForCage S« who^h^ I" some instructional contexts, 

style of error analysis has f sefeif^awba^L s^^ ^"^T"" 'hi^ 

implicated in each error, and in faaSs em>r^^fc " "? ""e"*""" to the rules 

English. The student is Wt o infer wWch e^^ as for 

expecting too much even of a gc!Sd student and this is often 

might^curtKn:^:::^^^^^^ incorrect structures which 

adapted from Marty's (miT^^Ten^y'^^^, ^" '^e following example, 

translate the EngS sentence " ^^^^"t is asked , 

SAc translated the last ten pages for us. 
Here the corrected answer is 

Elle nous a traduit les dix derniires pages. 
Suppose that the student has responded by typing 
Elle a traduit le dernier dix pages pour nous. 

Gender error: "page" is feminine 
Notice that the items searched for are literal strina, th. ^ 

descriptions of grammar rules used in K'sT«^L? ."^'j^^'^^" ^ telegraphic 
Coptic can press the HELPkeyto^^iwe'l^o^d^^^^^^ ^'^^ ^'"^^ too 

nice f«tures^XTnr PL^^^^^ -r appreach provides some 

according to whatever taxonomy the aTthoT .nH f be identified 

whatever phrasing he or she wishes Howeve? SJ^ wav S n ' ^iven 

n^a^Hal is large. Mo^ fundarntan;!^^^^ ST^^^^^^^ 
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♦I, » c«<.rifvino all Dossible combinations causes a combinatorial 
interact in such a way that ^JL^^g'^? '/.^^i^S^L when the answer is very short or when 
explosion. As a result, string searcn is P^r 
the author specifies just a few of the most important crrore. 

The of ^^^^ i;^^::^^^^^^^ 

«rusedt^^^^^^ 

problem with string matching is ^^at a P~gr^^^^^^^ 

knowledge about the grammar or morphology of the target langu g 

en:ors.to produce an intelligent error description. 

The ideal e^r ana.ysis algorithm would ""i^J.f i-„'rS° a hl« 

1. It Should be grammar specific, identifying the particular grammar rules 
implicated in various types of errors; 



2. 



The error messages actually shown to the student should be .^.pr.We ro the. 
teacher', preferred teruinology and presentation conventions. 



3 It should be completely automatic, requiring no item-by-item programming. 

PI A'i'O system but since adapted to the ibm ri., <ina nroeram which 

IhV .BM-PC. Although several projects are under way. there is still no program 
handles a large set of morphology and syntax. 

TlK Language Uaming Laboratory a. ,he ""'versity of nlinois U^^^^^^ 
now building a system intended '? JP/^'J^^^'f ,f ''„^rg^^^^^ 

formed input. 

We .-.'ciuire (as do the authors of all the other schemes discussed above) th^t ^ 
coaecr.n wTr be avaTlable beforehand. Analysis of free "^«P-"^«' J^^^f 
^'available, would requi^ the program to — rstXTwt S^ytg ^ Tay' ^n^^^^^^ 
,he enor analysis proper. I^— ,:;,an 'c a^d pragm^^^^^ 

requires the '"^^g^^ted use of grammatical sema^ dynamically will 

very difficult theoretical problems. In ^^iX\hose availabrt^ i^^he 
Ukdy require computing ^"ources far exceeding those avaHable^to ^^^^ 

semantic iiiformatic n is utilized. 
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90uSn ?aSji^i?sP.^^^^^^^ - - IBM-AT using 

inputs m the model, that is. ^ccfr^V^^f^Tl^J^^ ^^^^ ^« 
answer, which is assumed to be wen fomS r^^ oncct 
then parsed using standani pSirLSSal^ 'SI o^^I!'"^ '° ' morphologic. u..alysis. 
labelled nodes, plus a table of mkreSw^^^^^ * P*"'"« ^ 

constituents. regisiers which label the grammatical functions of various 

be in-K"e ;3g" mustt' Sit^ t of -y 
obtain such tolerance. FirsTL dS L^^c "^"^ ^'"^"'^ '"^^"^ employed to 
mainly in terms of rooS s^on^ de^LT^^ w^^^^^^ 

misconstructions are included in the firammS^ rShl ■ '^P'^^^nt common syntactic 
•t is of course marked as such.) ^^e" ^ '"coirect construction is identified, 

contain"?:?:^^^^^^^^^^ dictionary, both 

Identified and remediated, thesidkLS^, J "'"^'^^^ inflections can be 

.information about infl^donS '„,o^^^^^ St^Sv "'T.'^'^ "^"^ °f 
"upward" to root (citation) fonns, "downwSP^f^^^ ^ 
suppletive forms, including (when aPDronri^tJ? iiiT ^ ^ ^^n^s and 

example, recognition that L verb aEn ^ f/f ""^ "^'^ 
u..orr«t) formation, ..dthaTit col^^^^^ » ^''^^ 

li^n. au The latter infonna^on is net ^^i^rcesX, ^^h.^T^^^n^^ 

nutch^^g^rconTti^L ~ - ir.T'^^ ^H^^J 

from a perfect match. Since the tre^^i maj Ta^v /JS ^ ^'"i^^ 

bottom-up. starting with the heaS 5 thl^/ ^ ^^^^^^i Proceeds 

correspondences. When a dir^^t, w^dVr wo.^ m^^^^^ constituents to secuTe reliable 

various reairangement niles, Mch of tSch c^^ ^ '"^'^^er can try 

example this matching rule corresponds to a particular type of eiror. For 

((?Xpnio) = ( pp ("pour" prep )(?Xpn)); 
rpour should not be used to indicate a pronoun io") ) . 



-nous a traduit 

(model) 



atraduit ...pournous ... ^ 

(student response) 

pV^^J^^^'^at'J^LS rule. For example, the 

mstruc chooses to take this iwsidon t^r.^. ^^^"^ '° ^ incorrect If the 

n-aduir /s also acceptable Z Sght £; ^reSle"" ?rT '"^k' "NoTa 

errors, such as concoidance eiroij whS:h do^o^ ^^e sort. Intra-sentence 

handled by examining patterns wiLt res^n ^S^^^ ^ 
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Figure 2, Block diagram of error analysis program. 
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The approach outlined here has decisive advantages over simple string-matching 
techniques. The fact that constituent structure is available to control matching makes 
mismatches less likely, and pattern descriptions of greater abstractness can be specified to the 
matching algorithm, allowing for a more compact and perspicuous statement of relevant 
granmiar. A dictionary and grammar must of course be created, something not required for 
string matching, but they need be implemented only once for each language. Considerable 
flexibility in the phrasing of feedback can be obtained by simply changing the messages 
attached to the various matching rules. If this does not provide sufficient tailoring to 
individual pedagogical approaches, the error taxonomy can be redefined by changing the 
matching rules, without rewriting the dictionary or parser. A reasonable degree of 
modularity in the program design is thus maintained. 

Several groups, for example those involved with the Athena project (Kramsch et al., 
1986; Morgenstem, 1986), are woricing on the problem of providing grammatically sensitive 
error feedback. It is virtually certain that the next few years will sec functioning enor 
analysis systems. 



A REALISTIC COMMUNICATION ENVIRONMENT 

The phrase "realistic communication environment" simply means that computer 
lessons should use language in the same w, a correspondence which has several aspects: 

Conversational use: The computer responds to and uses language the way a 
human being would, meaningfully, and with regard for the rules 'of 
conversational interaction. 

Contextual use: Language is used within a rich auditory and visual 
environment. 

Communicative use: Language is used in a meaningful and instmmental way, as 
part of some ongoing activity. 

Encouraged by the communicative competence philosophy, attempts to produce 
communicatively realistic programs are currently a major theme in language courseware 
development. Some ambitious projects, such as MIT's project Athena, are trying to woric 
toward all aspects of communicative realism in parallel. A few reservations are in order, 
however, about the feasibility of conversational language. First, getting a program to really 
converse within anything other than a trivial domain of discourse, if it can be done at all, will 
require very advanced artificial intelligence techniques, and hardware resources far in excess 
of anything likely to be generally affordable for standard instructional use in the foreseeable 
future. Nor are speech understanding programs likely to accommodate anything close to 
normal speech any time soon. Writing is not normally a conversational activity, and any 
program which depends on typing as the sole mode of inputing language is far from ideal as 
a conversational medium. 

Obviously, this does not imply that we should give up trying to develop conversational 
programs. It does imply however that they will probably remain showcase items for a long 
time to come. For the moment, other aspects of communicative realism, for instance, 
meaningful and instrumental use, seem more tractable to computer implementation, and are 
is likely to yield greater payoff if pursued. 
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Simulation designs offer a promising ai^nx>ach to the meaningful and instrumental use 
of language. One well-known foxtign-Umguage example is Cartels & Cutthroats^:, a French- 
language economics simulation which has marketing and fmance as its domain of discourse. 
The user is made jHtsident of a manufacturing corporation which must conq)ete in the open 
market The president is given an initial set of resources and must react to economic events 
outside his or her control, such as fluctuating interest and inflation rates, price changes by 
suppliers and competitcm. etc. He or she in turn makes budgeting and pricing decisions that 
will either make or break the company. Several students can play at once, and converse 
(presumably in French). 

Information is both tabular and verbal, the way it would actually reach an executive 
officer's desk. The user produces very little F^ch, since input is generally numerical, but is 
exposed to a modest subset of commercial French. And the eighteen page instruction manual 
is also written in French. Failure to comprehend this French-language information prevents 
the user from functioning successfully in the simulation and soon results in bankruptcy. 

Another example of this sort is The Would-be Gentleman^ which simulates some of 
the sociology and economics of the France of Louis XIV. The user plays the role of a young 
bourgeois trying to climb, by judicious management of his resources, into the ranks of the 
rich and noble. Although written in English, the program could easily be converted to 
French, and would be an excellent vehicle for learning about French culture through the 
medium of the French language. 

Although simulations can be very complex programs, they do not have to be. Cartels 
& Cutthroats is actually quite crude, and there is no reason that it could not be more highly 
developed, even within the very constrained APPLE II environment Of course, the program 
was not designed for teaching French, and would be better suited to language teaching if it 
were provided with a glossary, paraphrase options, or other language teaching functions. 
This redesign would face a problem endemic to simulation programs^ namely, ^at realistic 
simulation works against graded introduction of vocabulary and grammar constructs. As a 
result, keeping control of the language content without trivializing the simulation is difficult 

Context, boUi oml and visual, are obviously an important aspect of realism, and the 
autfiors of language courseware usually try to supply it by incorporating computer graphics 
into their lessons These, however, are generally not very satisfactory in terms of cost, space 
requirements, or fmal quality. High quality animation is even more difficult 

The new videodisc technology appears to offer a neat, relatively cheap solution to all 
these difficulties. There are language coursev/are authors who believe that micro/video 
interfacing will revolutionize language lessors by allowing presentation of culturally 
authentic material, nuances of body language, etc. 

Given adequate time and money, it is certainly possible to assemble plenty of 
interesting '*autitentic" video material. How to use it in a way that exploits the interactive 
nature of the computer is another matter. It is useful to remember that a videodisc is a fixed 
data base, and that one can retrieve on request only from among a fixed set of visual items. 
The effectiveness of the lesson is a function not only of the video content, but also of the 
retrieval strategy employed. The strategies in use so far seem to be rather simple. The 
student maker choices to branch to different scenes, as in Montevidisco (Gale, 1983), or asks 
a question which the program answers by retrieving a video scene with the relevant 
information, as witii some work done by project Atiiena. 
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These designs do not exhaust the possibilities of videodisc; perttaps they are not even 
the most useful ones. Presently the Language Learning Laboratory is investigating the use of 
video graphics as a context for efficiently teaching concrete vocabulary. We have done a 
little pilot woric in this direction. In some formats^ the computer discusses a visual scene 
and, while doing so, points to the objects being discussed. In others, the computer orally 
describes objects and asks the student to point them out. A game format called Cherchez 
rhomme is directed at teaching the vocabulary of clothing and personal appearance. The 
program displays pictures of several French men, then gives an oral description of one of 
them in terms of clothing and general physiognomy. The student's task is to point out the 
man being described. Since most of the details in the description could apply to more than 
one of the men pictured, a student must listen carefully and understand well to make a 
correct identification. When a wrong choice occurs, the program gives remedial feedback, in 
French, by explaining orally why the choice is wrong (e.g., "No, this man has blond hair, not 
black, and his hands are not in his pockets"). 

These formats are still rather crude. Our goal is to make them like some classroom 
exercises: very fast, very interactive, with constant exposure to audio and vide^, and with as 
much repetition as is necessary to internalize the vocabulary and learn the grammar. The 
next step, of course, is to introduce action scenes as a device for teaching verb vocabulary 
and verbal concepts such as tense and aspect. 

We also plan to investigate designs which depend on categorizing and intenrlating the 
library of scenes in various ways. For example, a brown book could be contrasted with a 
blue one, or one ^1 with several girls. Words could be taught by generalization from a 
number of specific examples, and temporal subordinators could be taught using sequences of 
action scenes. If the student indicates that he can not understand what is being said about a 
scene, we could use a common classroom technique and retrieve simpler paraphrase 
messages or video scenes which are simplified or differendy focused. (This kind of 
paraphrasing is not practical, of course, unless we have a way to select the audio message 
independently of the picture. It is an impOTtant technical problem to provide this capability; 
either speech synthesis or CD-ROM may offer a solution.) If the program also maintains a 
learning history for the student and uses it to control the difficulty level of presentation, we 
might end up with instruction which looks somewhat like a computer-based version of the 
natural method. 

The power of tiiis sort of design comes from having a lot of knowledge about the 
scenes, and a program which can use that knowledge to select video information according to 
a strategy which will lead to efficient comprehension learning. Determining what kind of 
knowledge to include and how to represent it is an open problem which will require input 
from both instructional design theory and linguistics. 



EASYTO USE AUTHORING FACILITIES 

Some expert opinion holds tiiat lesson authoring, like textbook writing, is too complex 
and time-consuming a task for the average teacher, and should be left to individuals who 
have special expertise in producing computer-based instruction. In this view, really good 
materials can result only from a long-term (and very expensive) development effort. This 
view ignores the fact that microcomputers are ideal devices for doing desktop publishing of 
both on-line and off-line materials. Teachers want authoring facilities for the same reason 
they want access to mimeo machines: because they frequently fmd it desirable to produce 
ephemeral materials which are hand-crafted to individual syllabi, students, or teaching styles, 
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J u- u k* r^r^n^o nr modified to reflect changes in current events, student interests, or 

^^rbl^arSfe SL Soally have a short lifetime, ^ because teacher W-caUy 
have little fttc time to devote to lesson authoring. 

/^-«-«i «,.mnM. nmerammine languages cannot satisfy this need for speed and 
emciet"^aS:?Sr. SSS&Je. -^^^^^^ 

t c"eSty ^e formats are more or less fixed, and modifying the program or 
adding new formats is likely to be difficult or impossible. 

Certain courseware authoring systems attempt to maintain fiexibility by compromising 

Sf^ cl^rconttd Of sequencing remains primitive. Screens must gcneraUy be 
always *f 5=^«^'J;^";?' Gettine Si the pieces together in a desired sequence may 
STvSTe^ i^eTus EitoS-Xsf an'^LLaid prLss, at worst impossible. Using 
S auSnTtS to create a simple vocabulary drill turns into a sizable project. 

In nart these oroblems result from actual limitations of capabilities, but clumsy user 

that an effective interface must provide a user model cf ^ the interlace worits. 
t'a^ J U.e designer should find an aoUV ^d.e user o^^y ^ 

and construct the interface so that it functions, as muc i;ossible, in the same way. i n» 
ISLa ry^im llkT common sense, but a quick survey shows that u is not much applied by 
the designers of authoring systems. 

Teachers who are beginning to write computer-based lessons "^^""J^yj^^^^^^^ 
model the writing of non-computer lesson materials such as classroom «erc ses and 
^^l^ks M this point, 't will be tempting for the computer sophisticate to sigh and 
n.t^^lv exolLf on« ^^^^ the radical differences between programming a lesson and 
S a '^x^^kXTuman^f^^^^^^ suggests that stressing this ^^^^^^^ 
^tegy Instead, we should perhaps do just the oppos te. namely, facihtate^e identification 
b^Sng the authoring procSs tesemble ordinary wntmg as closely as possible. 

TTie Language Learning Laboratory is now exploring P^t'' rh.n^lS!!6i"?he 
language authoring system designed along these lines. As d^^^cnl^ by Cheng i^^^^^^ 
u^? inferface will be a word processor which is function, not procedure, oriented mteractive, 
not reactive, and direct manipulation not command, driven 

•Hie word processor will provide simple sequencing control in the ^<>'^.<>^ f 
facHitv OuestioVTanswers, and feedback will be interactively prompted without requinng 
Se 2r t? SlTt^eToM-p;^ environment. Various drill exe.-^^^^ 
be soecified and their data typed directly into the text, just as would be done with textbook 
«eS m inient is that aU authoring be done by creating text in a (heavily prompted) 
woS-p?^e]];>r e^^^^^^^^^ All the sp<^ifications for the lesson will appear as text, which 
is a familiar and non-threatening medium for new authors. 
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Of course the lesson itself will generally be highly interactive. The completed lesson 
text is submitted to an interpreter which generates appropriate screen displays, collects and 
judges responses, keeps scores, status, and learning history information, and controls 
branching and routing. This system is being implemented on the BM-PC. Display is done 
in bit-map graphics to support a full variety of non-Roman writing systems, pictorial 
material, and a variety of type sizes and fonts. 

I do not want to give the impression that a word-processor model solves all the 
problems of author/program interaction. As in any direct-manipulation approach, branching 
presents a troublesome issue. For many common instructional operations, variables and 
conditionals seem to be the most natural way of controlling program flow. Introducing such 
control mechanisms into the text reintroduces aspects of a procedural programming language 
and destroys the "what you sec is what you get" property of direct manipulation. Devising a 
representation which will be natural both for screen display and for flow of control 
information remains a central problem for the proposed authoring language. 



CONCLUSION 

The research reviewed above suggests the outline of a new generation of language 
courseware. While not yet reaching the level of truly "intelligent" instruction, it will be 
substantially more sophisticated than the drill-and-practice materials we have now, and it 
will invalidate many of the criticisms leveled at current lessons. Micro hardware and 
software presentiy on the market or under development will provide delivery systems for 
these new lessons at something approximating an affordable price. The net result will be a 
much stronger case for classroom deployment of computer-based foreign language 
instruction. 
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NOTES 

PLATO is a registered trademark of the Conhol Data Corporation. EnBASIC is a 
registered trademark of the Computer Teaching Corporation. GOLDEN COMMON LISP is 
a registered trademark of Golden Hill Computers, Inc. Courseware Authoring System is a 
registered trademark of McGraw-Hill, Inc. Cartels & Cutthroats is a registered trademark. 

^EnBASIC, authored by A. Avner, S. Smith, and t^. fenczar, is distributed by 
Compress, PO Box 142, Wentworth, NH 03282, 

2DASHER, authored by J. Pusack, is distributed by Conduit, PO Box C, Oakdale, lA 



3 The BMCAI program for error analysis of Russian ve*bs is presently under 
development by Dan Davidson of Biyn Mawr College, For information contact BMCAI, 
Bryn Mawr College, Department of Russian, Bryn Mawr, PA 19010. 
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^Cartels & Cutthroats is distributed by Le Professeur, PL Box 301, Swanton, VT 
05488. 

sThe Would-be Gentleman, authored by Ruth Lougee for the Apple Macintosh, is 
di«*uibuicd by Kinko's Academic Courseware Exchange, 4141 State Street, Santa Barbara, 
CA 93110. 
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Little research to date has reported student 
assessment of the relevance or usefulness of 
software used in instructional programs. In the 
present study students were interviewed about the 
feedback provided by such programs. It was found 
that students react to stimuli in ways adults do 
not. Students think along channels that adults have 
learned are non-productive, and can therefore no 
longer remember and activate. Therefore, although 
the educator might make a special effort to put 
himself/ herself in the student 's place to see 
problems in the way that the student sees them, this 
kind of intellectual empathy can really be achieved 
only indirectly through observation and interviews. 
When the student • s point of view is incorporated 
into the curriculum, then a program that is in 
harmony with the student's limitations and growth 
potential can be assimilated Students are capable 
of identifying characteristics of software and their 
recommend-ations should be valued as equal to those 
made by adults. Students should use and evaluate 
software with an adult observer. 



ZNTRODUCTIOM 

One aspect of microcomputers is their ability to interact 
with humans. This feature enables the student to respond to 
questions, and the computer pre ^es "feedback," so that an 
interaction, a kind of conversav on, is established between 
person and machine. Microcomputer feedback is defined as any 
message or display that the microcomputer presents after the 
student inputs information. Steinberg (1984) defines feedback/ 
it may be as simple as yea or ncj or as elaborate as an 
explanation of why the student's answer is incorrect with 
directions for how to get the correct answer . Feedback may 
also be animated graphics or a statement of the student's 
score. 

As in any learning process, learning through the micro- 
computer provides immediate response, and in this case, that 
feedback reflects or assesses student responses and encourages 
student performance in a systematic and consistent way. 

Ideally, any computer curriculum is developed by teams of 
users, with multiple perspectives: the classroom managers, the 
microcomputer operators, and the learners who will implement 
the curriculum. It is true that microcomputers have been used 
in classrooms and laboratories in a variety of ways, and that 
they have been used as programming tools, for word-processing, 
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and as individualized tutors for software for two general types 
of lesson design: drill and practice exercises and simulation 
exercises. However, it is unfortunate that curriculum 
designers, educational specialists, school administrators, 
classroom teachers, and students have not collaborated In 
developing effective programs (Komoski, 1984) • ^ore dis- 
concerting Is the observation that students, the major con* 
sumers of educational software, have played only a minor role 
in the development process. Students have had little input; 
teachers have contributed what they conjecture is the student 
perspective because they have Informally observed students . 
More succinctly, little research to date has reported student 
assessment of the relevance or usefulness of the programs used 
in instruction. 

The purpose of this study is threefold: 

1) to formulate propositions and to form a grounded 
theory base for understanding student/learner 
computer inter*-action, 

2) to extract from that theory, the relevant features of 
educational curriculum, 

3) to incorporate these principles Into the development of 
educational curriculum and software. 

AG part of the study, student interaction with selected 
microcomputer software was observed, described, analyzed, and 
interpreted. Students were observed and interviewed In the 
process of using software programs. Students were asked to 
discuss the feedback provided by the programs. Students were 
asked to express their likes and dislikes, to give 
recommendations for software improvement, and to explore 
potential uses in their school curricula with the interviewer. 

To gather data for a theoretical base, the researchers 
pursued answers to the following questions: 



What characteristics of feedback in software are 
important to students/learners? 

Do media characteristics such as color, sound, anima- 
tion, and the ability to generate both text and graphics 
increase appeal to students? 

Do learner-related characteristics such as the type of 
required cognitive processing, the degree of help 
(mediation), motivating factors, and reduced anxiety 
producers (affective qualities) change learners* 
attitudes? 

Are user friendly characteristics such as clarity of 
screen display, posltiveness, variety, interactivity, 
and humor important to learners? 

What recommendations can be made to curriculum 



into practice? 'or putting the flndinga 

»»«D FOR TBI STUDY 

and hotr"h'e7r !lU%t°":nha'n%r"?''"^P^^*-^^«^ compute.a 
instruction. Softwarrprogram desc^Pt^^^^^ individualizing 
that computerized learning is In educators 
transferring knowledge, but stSd.n/. 'i^*"^ 
progranoned learning boring; ^nv snV^w. ' ^^^quently find 
academic exercises that laek^?L « l^"""* Programs are merely 
Classroom instructioj lack of soacJ'"'^"^' f ^' 9°°^ 
lack of hardware capability aur/lv H^ !' °^ memory, and 

problem; but, much of tie JeaJnew o? ^oJf""'' °' ^he 

limitation, of the basic W^'uc^^UVd^^^^^^^^^^^ 

actua?"'us;"o?"eSucati':na'l''"??t:°^ potential and 

feedback has hf!^n utilized J«!iJ.Jl". ^'^^^ ^" ^^e way 
little understood feature in \n Is a powerful yet 

on the use of feeiack Le piefe^ril'b/i' ^V'^"' ^^^i-ion'J 
amount of applied research that ?«i^K ^"H ''•'•^ °" " '""H 
Little information from le^^L^ thS^" ^" 
translated into instruct ion^JSesfgn^^ research has been 

resea^r orthTiseS^s^^rnd ?h? '^"^^^ behaviorist 
that learning theory which on^* «°ftware programs reflect 
following a cirrect atim^lu, Immediate feedback 

models resulted !n st em"e Srifl^^* " ^tlmulus-resj^ns^ 

Supporters of the theory applied it ?f i'l-**'^^^' excercises. 
designing learning programs such • . classroom learners by 
and teaching machines. Theae Programs ^rel?.?«'^*^ Instruct ioJ 
for every correct response nr?^!^^^*^"'°'*'«^ student 
and maintain behavior "a%"7iiu"s\^7ted"TnXr?^'^^ 
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however,'%h"re°?as"Ve" Attle" c"l as^ °^ behaviorism; 

little classroom evidence that feed- 
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b.=k followin, positive «,pon»« a=t» i" •„'/^SSoJSoS? 



1972) 



in contrast to the strong be^-/-/^^^^ t^dition a second 

school of thought developeo^ feUher to strengthen nor to 

main function of feedback \» errors and provide 
reinforce ^o^^^^^^ "'.P°nses,bu^^^^^^ ^Cohen, 

[T^r^ltS^eli: i9st ^B^^ri'nVerand^Sholson, 1979; Anderson, 
Kulhavy^ and Andrer 1972) . 

Whereas the behaviorist model res^^^^^^^^^^ 

wrong checking system, ^^^^^"^^^^^^ of errors subsequently 
to correct errors, and the of information 

corrected is directly "^^^ed to the^ a^^^^^ instruction 
offered. Providing only P°»iJi^^„**^f^a?ive feedback. In 
is less effective ^J.^^,^"^ „ "*//ec^^^^^ "wrong," the 

addition, by merely i"^^.^"^^^"^.. with enough 

message is not P/^^^^tt^i^^J^^ctionally e The 
informational content be instructiona y significant 

Hcorrect" message alone ^^^J^^^^^;^°''^^l\^o separate effects 
influence on learning, ^j^^^^'^^*" students make: D to 
feedback will have on •»<=\ "'P®"*® .'1^^^ which can 

let the students know when they n^rong" feedback 

be accomplished ^'^^h a simple ri^^t^^ ^ by 

message; and 2) ^o correct stuae t facilitate under- 

-° ''''' • 

The value of both functions i^^^-ctional desi^ is 
Obvious. The fi"t Junction, descri^^^^^ ^^^^ ^^^^ 

results, engages students in corrective ^^/^^^^„cy of 

have made an error. It VJ^°^^^^ the material, 

their responses in <=o™P">^^"^^"?. "^/eedbac^ identifies 
The second 

errors and allows a ^^^,^]^^^^J'°^^j,^s locate the error in 
enough inf^^^^tion to help the students ^^^^^^^^ response. 

the response and construct » ^ in research to 

informational feedback has s of feedback 

be one of the most important aspects 



(Cohen, 1985) . 



Although researchers J^-- ^^j^/^^^^^.^^ t^u^e' feedback 'in 
they have not <i«-«/°P\^,|^^f '/."//ie^ium^ d There 
instructional design ^/^^^le literature o^ how to use 

are few practical suggestions in the ^"^JJJ^JJ^ ^he direct- 
feedback as an instructional too^^^ f addition^ 
ions that are part of ^he software ^^^^ 
feedback strategies are otten simplistic 
feedback ineffective (Cohen, 198b) . 

If feedb ^k is an important -stituent of^any^l^ 
?re5back mrs. ^^TV^^ rlle'll the implementation of 
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Instructional design using software programs. Incorrect or 
Inadequate feedback can subvert a well-planned curriculum. 
In order to study learner foedlback appropriately, the 
Investigators selected a grounded theory approach. 



MKTHOSS 

OroundAd theory, which provides a means for Invest 1-gatlng 
previously unresearched areas, was the method used hi this 
study. Grounded theory, a form of field snethodology, aims to 
generate theoj.-y constructs which explain the action in the 
social contexr, undar study. That la to say, it con-slsts of a 
series of propositions linked together In such a way so as to 
explain the phenomenon. It is a combination of inductive and 
deductive approaches; the investigator focuff<»» the research 
according to a conscious selective process . he way the 
researcher collects and codesthe riata. Integrates the 
categories, generates memos, and constructs theory are all part 
of the processes of generating theory ond research. These are 
guided and Integrated by the emerging t'-^eot; The outcomes of 
the research, therefore, evolve continually; this evolving 
outcome leads to Glasser and Strsuss's view of theory 
development as a "process" and an "ever-developing entity, " not 
as a perfectevi product (Glasser and Strauss, 1967) , 



Procedures 

Triangulation, the use of multiple data structures, 
permits values and perceptions to emerge and forms a basis for 
the interpretation of results and the confirmation of theory. 

Continuous comparatiYe analysis, the process of 
checking by alternating between phases of inductive and 
deductive Inferenclng, involves constant comparison of data 
with other data, creating propositions about patterns that 
emerge from the data, testing and evaluating those propositions 
against further observations, and generating a synthesis from 
that process. This kind of analysis can be seen from Figure 2 
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relative relative 



inductive 
inference 




deductive 
inference 



Figure 2 Continuous comparative analysis 



Because the process is ongoing, the continuous 
comparative analysis must be pursued consciously throughout 
the study. This method is well suited for this particular 
study because it examines concerns and issues as they emerge 
from the investigation. At the conclusion of the .3tudy the 
researcher is then able tv^ make recommendations. The 
following sections describe the language arts studies. 



Data Collaction 

Data collection involved observing, taping interviews, 
and distributing questionnaires at a northwest Phoenix 
elementary school which has a Commodore 6^ microcomputer 
laboratory. Two teachers volunteered to participate in this 
study, one teaches sixth grade and the other runs the 
microcomputer laboratory . It was decided after consultation 
with them that ther»i w -jld be two data collections and that 
the first data collec ion would begin with the fifth and 
sixth grade after-school comnuter program. The teachers have 
been teaching the L.tudents ^^^,0 and some word processing with 
Bank S^rf^^t Writer , The researcher, who participated in the 
regular classroom activities for a two-month period, 
observed the student J daily while they were working on their 
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Logo projects and Cr<>ahg witih fs^rf i<>idf the language arts 
software selected for this study. 

The Creati^ witih fiarjfli>id software used in this study was 
provided to the school by the software company, Developmental 
Learning Materials. The program features are described by the 
publisher in the following way: 

C.Tt^Pitfit with Garfii^ld offers you 

o your favorite Garfield characters, plus colorful 
backgrounds and props for creating your own cartoons 

o easy-to-use word processing capabilities for writing 
your own captions — or use Garfield's own comic quotes 

o the ability to use your own backgrounds and props for 
an unlimited variety of cartoon settings 

o an electronic comic feature, which displays your 
cartoons continuously frame after frame 

o the opportunity to print your creations as cartoons, 
posters, or labels and use them to personalize 
letterheads, books, name tagS/ announcements — anything 
you like! 

The objectives are 

o to stimulate writing and artistic skills 
o to encourage humor for creative thinking 
o to give practice writing dialogue 



o to help develop a sense of design, balance, sequencing, 
and spatial relationships. 



Both teachers introduced the program to their students. 
They let the students explore its capabilities for a week. 
They then brought in cartooni^ from the newspaper and discussed 
putting cartoon strips together. The teachers asked each 
student to develop a plan on paper and show the plan to them 
before continuing with the project. 

The students then worked on their own cartoon strips for 
the next two weeks. The teachers allowed them to interact and 
comment on one another's work. 

At the end of the unit the researcher tape recorded 
interviews with the students, asking them to give their 
impressions of the software. 

The second data set collected was with the sixth-grade 
teacher's regular class. They used Create with fj^rfii^ld the 
last three weeks of school. At the end of the three weeks they 
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«... ...eC to ev.lu.te the pro,... fiUin, In a written 

questionnaire . 

DATA ANALYSIS 

The following coding scheme categories emerged as the 
data were analyzed: 

^ a.i>«cts (appealing to the intellectual side, 

TeTrnl';: ::^inT A and^revious computer 
experience) 

instructional «od« (teaches content and stvi>nts can 
show its use to others) 

infraction (can do things on the computer that cannot 
be done with paper and pencil) 

V.gr.. of h.lp (student needed help from the teacher 
or researcher) 

«.^«K4i4«-4Att (using the Commodore 64, 
^S^^n'tsn^lwfa", ^whtther it wor.s/aoes not 

work) 

Graphic, (pictures, in Qxx nTr With rinrfift l d are 
5"?ri"d as background, stic)c-ons, and props) 

Sound (music and beeps) 
Cclor (authentic or phony) 
Variety (more than one activity) 
Clarity (clear directions) 

Poaitivanaaa (pleasant computer respc sea, fun) 
Humor (funny, enjoyable) 

and reapona.a to <l""'^l°"""i=^,^^=nrom the because 
necessary to separate any one categories will 

'„S^nes^c?lb^"rs:p«a'te°irin s.Ss° .'ut .Ul .e Integrate, 
into one succinct report. 

students Identified "P«" 'or^rpurer'sfltfs? 
ILIX fe\V"7y' % "using ^ 

ffirn f'-^rfieid! 

o how to make a cartoon using backgrounds, props, and 
capt ions 
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o how to use windows 
o how to use menus 

o how to initialize and use a data disk: 

o how to use new vocabulary 

o how to read and follow directions 

o how to save and retrieve (load) a cartoon 

o how to edit 

o how to make people laugh 

The students liked the graphics which were described as 
backgrounds, props, and stick-ons. There is a choice of seven 
different backgrounds: plain white, room, table, line, tree, 
fence, and label outline. The stick-ons are Garfield, Odie, 
Jon, Friends, Props, Quotes, and Write Captions, when friends 
are selected there is a choice of Arlene, Nermal, and Pooky 
The Props contain pictures such as lasagna, refrigerator, TV, 
etc., and cartoon words such as "CRASH", "BARK", "WHAM". 
Examples of quotes that can be used are: "NAP ATTACK'," "IT'S 
HARD TO BE HUMBLE WHEN YOU'RE AS GREAT AS I AM", "WHY ME?" 
"Write Captions" allows you to write your own statements in 
stick-on caption bubbles. 

^^^^^ variety. Many of the students 

would like to use the Koala pad to generate th-iir own 
backgrounds and props. One student said that she would "like to 
charv.*/ the characters and props so that they could be different 
sizes." In addition, the students liked creating cartoons that 
they couldnot draw by themselves with paper and pencil. 

There was a great deal more computer experience required 
Of the students in using computer software than was indicated 
5^1?!!*/ °^^:J«ctives. Sample lesson plans adding the 

following objectivr, to the Previously mentioned ones might 
nave helped the tea.,hers --Ian n.^jre effectively: 

o To learn the "new" computer vocabulary, a computer 
terms dictionary would be helpful to teachers and 
students alike. 

o To learn how to use menus and "toggle" back and forth 
between them; overhead transparencies allowing the 
teachers to present the concepts would have been 
helpful , 

o To understand the purpose of a data disk and how to 
intialize one, the teachers needed to have a blank disk 
for each student. 
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Both of the teachers participating in this study have had 
computer educatlor courses -ind have taught computer appli- 
cations for six years. Because of their experience and know*- 
ledige of a variety of software programs, they were able to 
teach the students as problems arose. 

Brian: "Whenever I started the little white screen, 
I didn't know what to do with that. ..And then I had 
to ask Mr. Charles what to do and he told me how 
to get a background and all the stickers to put on." 

Student criticisms may have been expressed as "the dir- 
ections were net clear,** but usually it was the case that they 
had simply not read the directions. 

April: "I thought it was hard because when I was 
making a cartoon, I would forget to press sorrething 
that makes them stay on the screen." 

Interviewer: "So you lost them?" 

April: "Yeah. 1 didn't read the directions." 



The "Create Menu" was the hardest menu for them to master 
because from it they would go to other menus and sometimes find 
themselves In the wrong place and would forget which keys to 
press to get back to this menu. 



Editing or erasing stick-ons presented problems. The 
option is available so that one can eliminate characters, 
props , and captions after they have been p? aced on the 
background. The procedure is to select an outline large enough 
to enclose the entire stick-on . The problerti that arises is 
that any portion of any stick-on that extends into the outline 
will be erased too. So if two pictures overlap and you erase 
one, part of the other will be erased as well. The students 
found it easier to start all over than to use this editing 
feature . 

The students ran into difficulties learning the 
operations with this menu and requested teacher assistance to 
walk them through the steps until they learned them. For 
example, they would see a data disk menu that looks like this: 



CREATE MENU 



SEE PICTURE 
GET BACKGROUND 
GET STICK-ONS 
ERASE STICK-ONS 



SPECIAL ARTWORK 
DATA DISK 



CARTOON PRINTER 
SEE INSTRUCTIONS 
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DATA DISK 



SEE INSTRUCTIONS 

SEE THE CURRENT CARTOON 

LOAD A CARTOON 

SAVE THE CURRENT CARTOON 

DELETE A CARTOON 

INITIALIZE A DATA DISK 

CREATE My ''J 



Students confused not only the words " ^ nt iallzing, 
loading, and saving, " but also the operations that went along 
wir.h •ihem. If the teachers had better understood the level of 
computer expertise that would be required of the students the 
tf*> chers would surely have spent more time talking about and 
t; t;hing the students about these operations in their lessons. 
X ^ch information might have been included in the 
documentation . ) 

The color grc^hics capabilities of the Commodore 64 
pleased both teachers and students. Rhoda said, "The colors are 
nice and look real.** She explained when discussing the 
background with the fence, "It looks like a real fence." 

The only problem brought up by the students was color 
bleeding. Two students were disturbed when they put two 
graphics side -by- side or overlapped them and the colors bled. 



Chris explained, "You set it next to something, it 
will mess it up. Like if you have a little dish of 
dogfood and put a bone on top of it, the bone will 
cover up part of the bowl with the color." 



Overall, the students liked the use of color and hoped some day 
to print their cartoons in color using a color printer. 

The music that introduces Garfield is best described by 
Mike, one of the teachers. 



There were kic* j who were barely able to sit in 
their chairs. The sound was so exciting. Wo told 
them where the volume knobs were so that .'.hey could 
adjust them [so that the sound wasn't blaring] . 
They wanted to be sure they heard the music. I 
remember the first couple of times we were trying 
to talk [give directions) to them and load at 
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the same time. And the minute you hit that music, 
you just saw, "All right! This thing sings!" It was 
*:jreat ! 

The extended-day students didnot comment on the speed of 
the Commodore 64 disk drive, but three students from the 
regular sixth grade class did. 

Melanie: "I didn*t like how it took so long 
for some things to load. Sometimes I didn't even 
finish my picture because it took so long to load." 

The microcomputc - laboratory printer could not print out 
the students' cartoons. A printer that was compatible with 
the software was borrowed, but the printing took a long time. 
The teachers found that they could not use the software for the 
writing workshop they had planned because the editing process 
was so slow. Instead^ they ended the cartoon unit after each 
student had completed one cartoon strip. 

When the students were asked what their impressions were 
of Cr^^^f ft wHi-h Garfield , their responses were quite positive: 

Manuel and Nathan said that, "the character Garfield 
is "funny and neat" and that "it is fun to make 
cartoons." 

Frankie expressed that 'the other kids in his 
regular sixth-grade class should have the opportun- 
ity to use the program." 

Missy thought that "it is better than any other 
program I've ever uaed.'' 

April said, "It is junt like a Garfield cartoon, and 
it is fun making a cartoon on the computer." 



Data Interpretation 

In their evaluations, the students i . orted aspects of 
both the hardware and software that relate to the feedback 
caaracteristics of the software and to the purpose of this 
study. The results from the data analysis have been com^iared 
to identify as many characteristics of feedback as possible, 
and they have been integrated into the discussion as 
highlighted propositions. 

Students know the cartoon character Garfield j^nd enjoy 
interacting with him. The students' familiarity with 
Garfield's behavior (for example, they all know that he eats 
great quantities, consumes all with great relish, and relates 
with ether characters in a rather sarcastic mode) eliminates 
the need for the students to create patterns of behavior for 
the character, thus following current rhetorical teaching 
recomrv\endations . In other words, students are not required to 
supply, from their own creative banks, more than they are 
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willing to borror from already established sets. Because the 
characters are established, the students do not need to create 
more than the action, the dialogue, and the excitement. They 
can concentrate on the most exciting part of the creating 
process: this already complete picture needs only the elements 
of language and expression that the students want to give the 
characters, thus eliminating all the anxiety-producing elements 
of invention. 

The work with Garfield amused the children at the same 
time that it motivated them. The humor involved in the 
process of composition blurred the fact that the students were 
learning as *-hey were composing: that is, prewriting, 
visualizing, rtconsidering, planning, revising, checking, and 
testing. Therefore, they were involved in the project at two 
levels . Consciously they were occupied with surface issues, 
while subconscious by they were learning to manipulate 
lancr' -^ge, reinforce computer operating skills, communicating', 
and composing. In this way the students were freed to be 
creative, encouraged to explore their artistic abilities and to 
exploit the potential of the program, and encouraged to find 
new limits. 

The experience of using the Create with Garfield program 
demanded the use of more computer know-how than most of the 
students posst!)Sidd. Thus, the lessons Indirectly involved 
acquisition of skills in the use of both the hardware and the 
software. Furthermore, the students learned valuable academic 
skills such as setting objectives, working within a timeframe, 
refining results, and following directions (If they did not 
read the directions, they did not succeed.) In addition, the 
students' reactions and evaluations pointed out the need for 
several kinds of software improvement. 

The language propositions evolved into the grounded 
theory that follows. 



GROUNDID THBORY 

Students in elementary and secondary schools react to 
stimuli in ways adults no longer do. Because they think along 
channels that adults have learned are non-productive, have 
weeded out, and can therefore no longer remember and activate, 
students make errors that adults (teacher, curriculum 
specialists, administrators, and software specialists) can no 
longer predict naturally. Therefore, although the educator 
might make a special iffort to put himself /herself in the 
student's place so as to see phenomena and problems in the way 
that the student sees them, this kind of intellectual empathy 
can really be achieved only indirectly through observation, 
interviews, and questionnaires. When the student's mindset is 
incorporated into the curriculum, then a program that is in 
harmony with the student's limitations and growth potential can 
be developed. 
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Students are capable of identifying characteristics of 
feedback which will aid in software adoption review. For this 
reason, students should be considered for membership into their 
school district's software review boards. However, taking into 
account the fact that students lack mature adult ability to 
objectify, th3 students should be required to use and evaluate 
the software with an adult observer. In other words, their 
recommendations should be evaluated along with those made by 
the adults. 



RSCO^ININDATZONS 

The following recommendations are made to curriculum 
designers, educational specialists, school administrators, and 
classroom teachers: 

o For purposes of lesson clarity and orientation, 
specific objectives for each lesson should be 
incorporated into each lesson introduction. Research 
results emphasize such objectives to orient students 
and reinforce stimuli. (Cohen, 1985; Hartley and 
Da/ies,1976/ Duchnstil and Merrill, 1973) . 

o Function keys which allow the student to a?^k routine 
vocabulary and concept review questions should be 
included in software programs. 

o Special care needs to be taken in software selection to 
include programs that will be meaningful to the 
children. It is recommended that students be included 
in the planning phases so that what they like and 
choose for themselves is included in the curriculum. 
There are many things we as adults donnot think of 
as fun any more that children really enjoy and need to 
ha^'e as part of their growing up experience. 

o Sound, animation, and response mechanisms stimulate and 
custain attention. They should be incorporated into 
lessons to make them more compelling. 

o Language arts writing software, which must be adaptable 
to the workshop approach, needs to include an easy 
editing feature. If text editing can be done easily, 
then the writing and revision process is the students* 
focus and not the hardware or software functions. 

o This study employed the use of two different software 
programs. It is recommended that other software 
programs in different content areas with different 
grade levels of students be studied. 

o It is also recommended that a national survey and 
interview be conducted of schools which include 
student feedback in their program and curriculum design 
process . 
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AN EXAMPLE OF THE USE OF MICROCOMPUTERS IN FOREIGN LANGUAGE 
LEARNING AND TEACHING FROM A HIGH SCHOOL FOR THE 
ACADEMICALLY TALENTED 
Constance Curtin and Stanley Shinall 

..udentJIis'lnrfrreign KagT^roafa'^'onTh' """^''^ -^'X" 
authors commend computer.«.it»i?^^^^^^^^ • «>5rocomputer. The 
tool in the PromcUoTof in"epe„d^ 

Which can result in be?ter or 1^'e'Vff ct„M«rn1nr'L "I'*" 
acteristics seen as contributino tn mlu l learning. Learner char- 

to previous researcrstuiies JSne .^.k^ V^^^^ V« ^i'*^""^ 
software seems to Te fLf whVch cJiu:.-""' °^ 
characteristics and attribute moHv/r'^ V"r" °° »^"^'^« 
programs which peJm selfXS •"• ^" ^° 

encourage discovery ab"ut the langua °' ZZT^^X ""^ 
awareness of the target cul.ur'e^re rp:?t;.ly ^oml'^ded" ""'"^ 

catioi;;V'rm^c°ro:Jmp''urii\;7f^^^^^^^^^^ -"icular app.i- 

School at the University' of'un^Js Urb'na "l n"oT Thr;c"h°V'* """^^^"'^^ ^'^^ 
of academically talented students from ChamD. ^^.n/n k " " population 
rounding area with occasional enroSmenrof Ji/i^L r^""?' ^'^^ 
autonomous unit of the University uTder the .M.^* "tionals. As an 

University High School serves as a laboratorv ^te for r."*'? ^mes. 
ties related to curriculum appropHaJe to ?uJents in ^^^^^^^^^^^ development activ- 

In recent years, a major interesi irthe scJool hV, i^i t "J* programs, 
tional materials for use on the microcomout^r L .» development of instruc- 

riculum. Through grants by the Aicle E^^^^^^^ students n the foreign language cur- 
principal investigator) review packets if J^Sn.^ ?;°^»^'°" »".d ^he NEH (C. Curtin. 
been prepared in Apple Pilot for ?se on »h" a°*'™" «nd Spanish hav. 

More recently, through an Jward by Se IBM Cn'tnn '^^""''^ '"icrocomputers.' 
EXCEL grant (S. Shinall princinal inv«/i!^I ^°'P°'^V'°" conjunction wiih a local 
established. This laboralory e^b ks wT^^^^^^ I microcomputer laboratory has been 
time and permits the inJ s igation of T variety 'oTfnrl';'""^^^^ " ^'^^ 
programs have now been converted to IBM Pi lor fnr »,? J^^ 
ment of the programs and their use Sy st^deS in v, • '^"'.'''^y- "^"^ ^^^^'^P" 

led to the observations contained in th?s paper -nstructional settings have 

to contain Tome" s't^oSg tngia^eTelfXr^ t"o^ talented students observed tend, 
language instruction (CALI)! wfdo norZ^^ T °f computer-assisted 

instruction. Neither do we Vsh to cla m that :rZ''J^'^" ' P"'"*"*^ -node of 

ulation is due to CALL Howiver our ollrV,ro ^ Performance in this pop- 
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Smith (1983)) directly concerns the student population. Alt students entering 
University High School take the Pimslcur Language Aptitude Battery (1966) which 
measures of aptitude based upon phonetic coding ability* verbal and auditory 
sensitivity and also provides a n\easure of individual motivation. In each problem of 
the sound-symbol section of the Pimslcur Aptitude Test, students choose the word 
which they hear from a list of four written nonsense words, A comparison of the 
University High School students' performance with national norms for college-bound 
students (Pimsleur 1966) showed that the local population had a mean grade point 
average of 14.73 against the national grade point average of 11. In addition, the 
Pimsler sound-symbol score averaged 21,05 in the local group against the national col- 
lege bound avciage score of 16.9. Our high average score suggestc that students who 
have the ability to score higher (as measured by grades iu our program) appear to have 
the ability to integrate visual and aural cues more efficiently than can the average or 
bclow-avcragc performer, 

A second study by Curtin, Avner and Provenzano (198!) based upon student re- 
sponses in a main-frame (PLATO) program prepared for University of Illinois students 
of Russian. Student keyboard responses were collected and analyzed for several 
semesters to determine among other things, review time, error rate and interaction 
rate. It was found that students with both low error rates andhigh interaction rates 
had high grades and spent the most time reviewing at the computer. We are led to 
conjecture that the more successful language learners (where success is measured by 
grades) will also be those most capable of independent, self-directed review and that 
for them such review results in better or more efficient learning. If this is so, CALI 
programs developed for students are best when they capitalize upon the characteristics 
which seem to contribute to foreign/second language learning. Moreover, CALI 
authors should attempt to appeal to positive attributes which may be inspired, 
developed and reinforced in the learners, indeed enjoyed by them. Let us consider 
some of the things we have learned from observing students using CALI at the 
University High School. 

First, they learn faster than others and so presumably can attain proficiency more 
rapidly. All students feel happier when they are engaged in the learning task. They 
do not particularly enjoy feeling pushed, but they do enjoy active learning. Therefore 
the pace or rate of instruction needs to suit the student. One way to fit the pace to 
the student in CALI is to provide a complete index (Figure I). 



V»rb T»nfl» tnd Aspect 
Typm thff nuab«r of your cholc* and pr^mm ENTER: 

1. Introduction to th» LeMon 6. Which Aspect? (in English) 

2. Vocttbuiftry PrACtic» 9. Which Aspect? (in Russian) 

3. Past Tsnss 10. Vocabulary Quiz on Varbs 

4. Futura Tansa 11. Soviat Rapublics Gaaa 

5. Aspact Discussion 12. Final Taal 



S. Foras of Aspactual Pairs 13. Disk Indax 
7» Aspacc Contrast in English 



Figure I. An example of a complete index allowing for choice in a range of areas 
progressing from the more simple to the more complex. 
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As we developed our programs, which are primarily independent review materials, we 
learned to structure the index using a laddered approach, that is, one which proceeds 
from more simple concepts and problems to more complex ones. Because most students 
enjoy the motivttional aspects of a game, we placed our games at the end of the 
instructional sequences, so that to succeed in the game, the student would need to have 
learned the content of the lesson. We learned that students would frequently attempt 
the game first and would then be impelled to enter other parts of the program if only 
to be able to return to the game with the assurance of a better performance. At the 
end of each lesson index, we placed a final test, which could also serve as a pre-test. If 
students are able to score well on this test, they may elect to move to another review 
and proceed more rapidly or they may elect another activity. By giving students the 
freedom to choose, we have attempted to meet their need for independent decision- 
making, to allow them to proceed at their own rate, and to feel responsible for their 
own progress. 

A second observation is that our successful foreign language students are sensitive 
to the process of learning taking place within themselves and are quick to ask ques- 
tions about what they are learning. Changes take place both in the understanding and 
control of the language. Achievement paves the way for new learning, and the suc- 
cessful learner seems eager to apply what is learned and becomes impatient when 
application is not possible. At the same time, talented students are often quite sensi- 
tive to their perceptions of "lack of success.' Just as teachers in oral communicative 
situations in the classroom must encourage students without demolishing self-esteem 
CALI must provide appropriate feedback and help to build self-confidence through 
facilitating an understanding of concept and application. Talented students need both 
inspiration and challenge so that they are continuously drawn ahead in the learning 
process. An example of CALI designed to do this is found in the Russian Review 
Packet lesson treating the Accusative and Locative Cases.l In one lesson segment, 
after they have had the opportunity to gain control of the case forms in isolation, stu- 
dents are required to apply their understanding not only of form but of usage in 
answering a question. The preposition and case required in the response show either 
that the verb in the question indicates a static location (locative) or motion toward a 
location (accusative). The cue noun is in the nominative case, and helps are available. 
The inspiration to apply what has been learned comes in the form of the game-like 
format which consists of a map of Moscow. Successful responses cause a blinker to 
show the location of the site named in the question. This approach-combining task 
appropriate helps and feedback with tangible reward (new knowlcdge)"has been one 
of those most appreciated by talented students (Figure 2). 

The foregoing observation leads directly to the third: talented language students 
enjoy discovery. Successful language learners wc have observed use their ability to 
analyse and to apply logic to problem solving. Such students are adept at following 
logical developments of concepts to grasp and to retain structural concepts which may 
hinge upon contrasts of English and the language studied. CALI can be an important 
tool for such students as they see displayed, and are given opportunity to interact 
with, examples which show how language conveys meaning. Case, verb, tense, and 
form are made immediately accessible. Teachers of more commonly taught languages 
can well appreciate such applications (subject-verb agreement, pronoun form, idiomatic 
tense uses, contrasts between preterite and imperfect, for example). Teachers of 
highly inflected languages can see even more subtle applications. In Russian, for 
example, the teaching of aspect poses particular difficulties to the learner. Here again 
the computer provides a magnificent tool for teaching logically and incrementally. In 
the Russian Review Packets, students are helped through a scries of steps (first in 
English, then in Russian) designed to help them "discover" aspect (Figure 1). 
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/la? _ 



Figure 2. An example of a game requiring a conceptual understanding of case usage. 
Places of interest in Moscow are shown by a blinker as a reward for supplying the 
correct answer. 



Discovery in the foreign/second language curriculum extends beyond a growing 
awareness of iinguage for persona! communication. It involves an appreciation of 
different societies and cultures directly related to the target language and, beyond 
them, of the world, CALI offers opportunites to use target language forms to instruct 
in daily life, traditions, and customs as well as in the politics, history and economy of 
other nations or language groups. The students we have observed especially enjoy 
encountering such material in game format in which they may learn things related to 
geography (rivers of the Soviet Union), tourist interest and travel (Moscow, Paris, 
Vienna), or combinations of these features (Figure 3). In such lessons, instead of 
learning isolated fact: the students are applying their language skills in a context 
which allows them to reach a broader understanding of the world in which they live. 

As an extension, at present the authors are developing programs designed to enable 
students to work their way through sequences of authentic cultural settings. Students 
select a response from among several alternatives containing idiomatic language 
appropriate to a particular setting. Sequences of scenes develop a situatior likely to be 
encountered in the target culture. 
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TEMPLATE CONSTRUCTION AS A BASIS FOR ERROR-ANALYSIS PACKAGES 

IN LANGUAGE LEARNING PROGRAMS 



Stephen C. Hdmreieh 



In this paper, I describe a set of programs which work intenctively 
with the teacher/instructor to create a template fttxn which an indefinite 
number of stimulus sentences can be generated The instructor also ^)ecifies 
exactly how the stimulus sentence is to be transformed into the target 
sentence. Using this set of transformation steps, the student's response is 
judged and feedback is supplied to the student Feedback is also given to the 
stimulus*generating system, allowing it to tailor the construction of further 
stimulus sentences to the difRculties encountered by die student in previous 
attempts. 



INTRODUCTION 

Computerization of language learning lessons is still in its early stages. In particular, 
the analysis of student responses to drill items is generally simplistic and the feedback often 
counter-productive. In this paper I describe a computer pro-am that I believe represents a 
substantial advance over sysf ms currendy available. It permits pedagogically oriented, drill 
specific feedback and alters he presentation of stimulus material in response to errors 
encountered in analysis of previous student responses. 

Error analysis is the main focus of the approach I am pi<^K>sing here. It is in this area 
that the program offers the most substantial improvement over other approaches. However, 
the program itself encompasses more than just an error analysis package. It offers, in fact, a 
complete computerization of a certain type of language drill, namely, transformation 
exercises, or pattern drills. Once it has been provided by the instructor with a pattern for the 
drill and a procedure for deriving the correct response from the stimulus, the program will 
construct appropriate stimulus sentences, correctiy determine the target sentences, analyze 
the student s response, and provide feedback to both student and teacher. It may also handle 
a small group of highly constrained translation exercises. However, by itself, it cannot 
provide a complete set of computerized language-learning lessons. 

In the following section I provide background information, pointing out some of the 
difficulties of intelligent error analysis, describing iltemative approaches, and placing 
template construction within the larger framework of language generating systems. 
Subsequent sections provide a detailed description of the system and a conclusion, which 
sunumrizes both the advantages and some disadvantages of this approach. 



BACKGROUND 

Problems of Intelligent Error Analysis 

We as teachers are continually involved in error detection, error correction, and error 
analysis. These tasks are performed routinely and are well within the capabilities of naost 
teachers. One might think, therefore, that computerization of this process would be fairiy 
stmple. However, what we are doing is somethins extremely complex and subde. In 
aik^lyking errOTS, we are trying to ascertain the invisible, internal cogmtive processes v/hich 
produced the error. The identification of these processes is vital to the tisk of pro^/iding 
appropriate feedback to the student to aid in correction of the error. Moreover, these 
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processes arc not even open to conscious introspection, since it is usually the student's 
conscious intention to produce the correct answer. However, the niain difficulty in 
intelligent error analysis is that the interpretation of the objective error is am biguous. 

First of all, it is ambiguous linguistically. The same physical error may represent a 
cognitive error at several lipguisti'^ levels. It may be an error at a fairly low level (typing, 
spelling), at an intermediate level (inflection, agreement, word order), or at a high level 
(word choice, idiomaticity, appropriateness). For instance, finding the word "chevaux" 
instead of "cheveux" in a French sentence may be a spelling error, a morphology error, or 
possibly a word choice error. 

Second, there arc many possible causes for any particular error. For irstancc, one 
and the same error may represent a simple oversight, a temporary lapse, a gap in the 
student's knowledge, interference from the student's native tongue, a misunderstanding of 
ihe instructions, or a major misconception about the target language. Our choice often 
depends on many other things we know about the student: general level of knowledge, past 
performance, etc. . . 

Another factor which makes the computerization of error analysis difficult is that it is 
task dependent. That is, an error in one situation may not be an cm)r in another. For 
instance, vocabulary tests are generally geared to a particular set of items. Using another 
word with the same meaning might get the student marks for ingenuity, but would still be a 
wrong answer. Even if errors "count" in different situations, thcj; may have different 
weights. For instance, a spelling error would count heavily on a spelling test, and probably 
for little in aii extended essay. 

Thus, what makes intelligent error analysis difficult to computerize is the fact that 
physical errors in the text are ambiguous. Tlieir interpretation and evaluation depends on an 
analysis of the linguistic import of the error and of its probable cause. Even if this can be 
done, the weight given to errors varies from exercise to exercise. 

Other Approaches to Computerized Error Analysis 

There have been two major approaches to error annSysis in computer-assist«J 
learning programs. The first is simple pattern matching. With this approach, the student's 
input is treated as a flat (unstructured) string of characters. The input is searched for cc ;ain 
words or phrases. This method requires a pattern (a correct answer) against which the 
student^s input can be matched. As such it is a fairly unintelligent approach to cmvr analysis. 
However, in its favor, it can serve as a general purpose approach, workable for almost any 
input in any language. 

Parsing the input is a more intelligent approach to error analysis. Because of work 
done both in comp ter science and linguistics on the nature of grammars and pcirsers for 
natural language, some of the principles of parsing and some of the basic structures of 
natural languages are fairly well understood. The parsing approach, therefore, tries to 
analyze the student's input in structural terms, not simply as a flat string of characters. The 
structures it looks for are those of the foreign language, so it must "know" somtdiing about 
these structures. In this sense, it is more intelligent. In addition, it is not bound to situations 
where a clear-cut pattern is available against which to judge the student's input. With an 
adequate grammar of the target language, a parser can handle almost any input in the 
language. In this respect, it appears to mimic human analysis of language. Since we do not 
always know what it is we will be hearing or reading, we must analyze the input we receive 
and assign it a structure and meaning. 

It would be tempting to think that this work could be taken over direcdy into error- 
analysis programs. However, almost all such work deals only with aiialyzing correct input 
Bad or incorrect input is generally discarded or ignored. Incorrect input, unfortunately, is 
exactly what must be examined and analyzed iii error analysis. In addition, a parser that can 
analyze most natural language input and operate at a reasonable speed will be quite complex 
and unintuitive. This is b<^ause the tasks of computationally optimizing a parser and of 
providing a linguistically s^ophisticated gramma-^ are both highly complex and technical 
This means that it is difficult to make such programs interactive and task dependent. It also 
is not an easy job to take the complex analysis prowdcd by the parser and turn it into helpful 
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devclopment'^f :SSpSeJ"!SS«^lJ^^ «H be pursued in the 

necessaiy if tltese prognmis are to dSfSfSi fiS??„'n In fact, it is clearly 

ouUined above, there Sr«v«il Imtm n^*^r.i.*"P"* ^ '^w**"'- However, as 
applying what we k^^aS^i, « ^ P«x:es5 of 

routines in particular, to coSpSJri^S KS-lSrJinTSLl^ computeri«d paring 
suggesDng another approach that doesnAt ^21^ J^"? programs. Therefore, I am 
Although it is appUckK a n5^iLwi!SS.?* 5f^ """V technical pi^lems. 

quite useful ^'STini^^^.'^.^^^^^^^^.^^^ .pproach, it tSTprove 
I ms approach involves the use of templates or generating systems " programs. 
Generating Systems and Templates 

gcneratSjTsM^^ 

diat associates each "phonetic fom'^Cs^^^ nh lS^V^ grammar is a formal system 
(meaning). It is simuiTa maSSiaLS foSiSJ "P"?* ^* • "'o^<*» fo™" 

<sentence, meaning>. A liS- i^X a foSin " " 'T^^ * «^ P^. 
which can be applied to an inpS (n^lt V^^J^^. • P«>c5ure 

«ructured me»^g for the sentnSc A kiSSS^^ Pr"*"^^' « ~«P« • 

Proorfure. Th» t ij it takes as inpuTi mS^S*,2S25 " " 
language that encodes that £uSng produces as output a sentence of a natunl 

generating"sytSL!°^tof^u!*AS^ •«« of research than 

Wee. By conr-ct, a "sentence" ii "fiEly obSShS/^* * "meaning" is or looks 
Stan widi a ..nteiioe and work towardw^i? 2^ Si/Sl" «. *»«^y ««« feasible to 
versa. Second, in most c,^ Z^^SZ^t^l^I!^''^ itprescntation than vice 
program that can "understand" .^ituSjSml^S ^^ rcs«rchers are aiming is a 
that they need to communicate,^ tfS SiT .o^SS^^'.^P"^ ^^'y 
simplified statements that do noTAw with canned responses and 

be much more useful than a genc«S!gsySm! P^^i- TTicrefore, a parser would 

than paS'rs^^u^jSLl'^cte^r*^^^ <«ff-ult problems 

hke. The problems of aTp^rs^^h" l^^X Jl*lSfnf ^' ^'^'d '«>k 

even more formidable than for a pa«er St£ cSiS^^J ^/ "I??™* ««« 
nvalthatofparscre. ap«3er. Ana the complexity of the program would certainly 

Given ."fSSiS^SSSSM 

prognmi randomly generates gKtST ^te^s ^i?**rii^"y transitions), this 
fjmmar. This type of genrntSTSmplcter^v^f^^ *at 
It IS fairly simple to implement tecluHv £^t it^^..i »«n««»tic considerations, 

unclear. How couW a Ust of gramSSSl ^nte^s «,S£^ eiror analysis systems U 
student errors? »'~"i™ncai sentences, randomly generated, help in analyzing 

bctween'lk^S^LtSL^^ '"S'l — "ere in 

constrdned Ust of randomly fwSiSd'JSSS ^^J' '^f^^^ « the fact that a 

perform some spfiLi S to^KSel^^*.^* * ^ »«'*«»ces and told to 
include plunlizSg noun phi»s«, ch£iS,B S iSL"S^' ^^P*"" tnuisformational drills 
operatives or questions. ^i^T^^Si^t^^fi.T'^'*^' statements into 
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synuctic template (using tenmnology of a yo";i'^,y"'2nten^ The teacher then specifies 
SSagogical ^ars) for the 8«««^°" '"^J^^^id^^^^^^^^ response sentence. Using 
exacUyVks stimulus sentence s to b^^^^ sentences and also 

this information, the program can generate any J^^J^^ understanding of the steps 
automatically produce the correct «sponsc. TTien smce "^^ student's response to see if 
to be followed to create the correct answer " can easily J'^'J^'^ rough, non-technical 

steps were follow«l. A P">f,»;;|>^ 
application of early transformational ff^i'^crbeTtimc-saver for the teacher, that is if 
If this were all the program did. « might be a the stimulus 

constructing the te.nplate and ^^..^tHn^acMrfo^^^ f^»>«^> 
sentences themselves, "'V^J J'tS?"^^^^^ is geared to the detection of 

also be provided to the student by ''v^'^^^rim,^^^^^^ into the target sentence. In 

DESCRIPTION OF THE SYSTEM 

,„ m section. I will «P^" ^■^,7J^.'SsrS'S^^"2^i<2M?o^^^^^^^^ 
proposed progrm. >^r^<yft'^^°Lf^^^,S^<««xi-f'i««'^- I" order to 
^^mal taplementatioj. of «ch "^"^ So describe the tuncdorang of 



(1) Je vais au cinema. 

Le chat mange le poisson. 

(2) Nous allons au cin6ma. 
Us chats mangent le poisson. 



A, can be seen in Figtue 1. .he sy«em^i^of 'S? S3u?'^ti?„' ^T^ISS! 
constnicdon module. *e '^'''^{TJ^Z^^^Z ^i-in. language-spwiHc 
and Uie error ansiysis, program, .J" ?^™"Hr^nOTpla™and muisfonnations. There 

^rse^lt^iXu^sS-af *e appropriare piace as .hey are 

called r.pon by the four rxa^n programs. 
Template Construction 

Template construction can be visualized t^t^^Tan^Ue'^Fi'^'TIho^^^ 
reflects tSe various syntactic shapes that a snmulus ^nt^J^/^^Tf^ is Structed in a 
possible template for the construction of oitf example s^^^ ^ „^ 

top-down, nearly depth-first manner^ Each J"** J^c of the leaves (terminal 

is^.^stii^^^^y'it^M'-^wT^iiSbf^rs^^^^^ 

produce the target output. j _ «f thi^e oossible types: they may lead to 

P The branches under each node ^ ^"f Kof t2?stimulus. or they may 

options in stimulus construction, they may lead to required pans oi 
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Figure 1 . Model of a temi^te constructioa system for error analysis 
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lead to the selection of a lexical item to fiU a spot in ihe stimulus sentence. The instruaor 
must specify which type of branching occurs beneath each F<* ""^'JJ 

txamplTbeneath the node SENT, the instructor specifies nvo 
VERBP. These wiU $ubsun»c the subject and the verb phrase of each sentence. Since both a 
subject and a verb phrase are required for each sentence, each branch must be taken when 

constructing a stimulus sentence. ^ , ,i j nor\ «^ nirrM 

However, under the node labelled SUBJ. we find nodes labelled PRO and DETN. 
These nodes lepresent the constriction of a subject consisting of either '.FP'^^.^j^ 
determiner noun sequence. Since either is a complete subject and both together would be 
ungrammatical, the branches to tiiesc nodes are options for the stimulus constructing 

program-it mujt take one and only one of these paths. , w - 

Finally, a branch may lead to a terminal node (leaf) of the tree. Inthiscase.a exic« 

item must be selected to nil the terminal node. The instructor is asked to sp«»ft' 
category and the features that the lexical item must bear. In this case, the 
and "animate" have been selected. In the PRO branch the lexical category pronoun has 
been selected and in the DETN branch the lexical category "connroon.noun. When a lexical 
item is to be selected, the instructor must also specify whether the lexical item selected must 
agree with any other item in the template. In our example, the detCTminer must agree with 
t£ subject noun and the subject noun with the verb. Both the feature system and 

morphology wiU be discussed in detail below. k.,{i» in 

In addition to the completely teacher-specified tempUtes, there m additional bmlt-m 
functions which can generate random constituents such as P*^^. prepaan^^^^ 
phrases, verb phrases, adverbial phrases, etc. If the content of these constituenB is not 
relevant to the exercise at hand, the teacher need not specify completely theu; consowtion. 
For instance, in our example, the form and content of the object noun phrase is not relevant 
to the task of pluralizing the sentence. 

Features 

Features play an important part in this template system, since it is by means of 
features that much of the flexibility of the system is obtained. Most lexicons are orgamzed 
as shown in (3), with each lexical item attached to a Ust of its own features. In this system, 
however, the feature names are entered with a Ust of the lexical items beanng that feature 
attached, as shown in (4). 

(3) chat (noun masc animate common) 
plume (noun fern common) 
manger (vert) active) 

(4) noun (chat plume) 
common (chat plume) 
verb (manger) 

This organization means that the selection procedure involves taking the sets 
associated with the features selected, intersecting them, and randomly choosuig one lexical 
item from the intersection. This item will bev all the features selected by the teacher. 

It is important to note that neither the lexicon nor the set of features is static. Words 
can be easily added and features can be easily assigned. This means that the selection 
prt)cess for lexical items can be closely controUcd by the teacher. For mstancc, a feature 
could be created such as "noun from the vocabulary Ust for lesson nine." Usmg this feature, 
the teacher could Umit selection to certain vocabulary items. The features could also be 
semantic in nature. A possible feature might be "articles of clodiing" or 'thuigs to eat. 
Thus by the use of this flexible feature system, semantic constraints can be ensured. 

It is also important to note that these features, whether syntactic or scmanttc, are 
intended to be inherent features of the lexical item itself. Morphological vanation (primarily 
the agreement features) would be taken care of by independent pre-programmed modules. 
Therefore, to enter a regular lexical item it would not be necessary to enter more than the 
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ciution form. Morphological variation would be handled automaticfMy. (Irregular variation 
would need to be entered into the appropriate compuution module.) fhsse functions, when 
provided with a lexical item aiid a set of mmphological features, icnim the correct 
morphological form as their result. If a feature is left unspecified (say, for exan^le. tense), it 
would be supplied at random. In addition, this functional approach to morphology allows 
closely related and even incorrect forms (a regular stem in place of an irregular correct stem, 
or a future stem with a present ending) to be generated and stored with the correctly 
generated form. These are used later to perfonn a primitive sort of morphological error 
checking. 

Transformation Procedure 

Once the template is constructed, the teacher mus' then specify exactly what actions 
are to be performed in order to create the correct target sentence. The transformation 
program operates from left to right, so changes must be specified in sequence through the 
sentence. For instance, in our example, the instructor must specify first changes to be made 
to the subject noun phrase and then to the verb phrase. 

Any riode of the stimulus template may be specified as subject to transformation, 
ipe uistructor has four options to choose from in specifying the appropriate transformation 
of the stimulus sentence: copy, insert, delete, or alter. Copy results in a verbatim copy of 
whatever lexical items be under die node selected Insert involves the insertion of specified 
naatenal. New material may be specified, or another node from a different part of the 
stimulus. Insertion must occur between constituents of the stimulus sentence. Delete is 
smiply the removal of the specified nuterial. Thus, insert and delete together provide a 
inovement transformation. Alter involves changing the feature matrix of a specified lexical 
item, such as tense, number, and other syntactic/nwrphological features. In addition, there 
are available several pre-programmed functions which can provide certain commonly- 
performed feature alterations. These would be available to apply to larger scale constituents 
than lexical items. Such functions as changing tense, number, or case would be available, 
allowuig the teacher to avoid direcUy manipulating the feature values themselves. 

After specifying the constituent and the action to be performed on it, the teacher may 
provide an error message to be used if the student fails to execute properly this pan of the 
transformation. Default messages for each kind of transformation are also available. 

As can be seen from the above specifications of the stimulus template and the 
transformation construction, there is more than one way in which the same drill could be 
formulated. The uistructor can choose how detailed a template to construct The more 
detailed a template, the more detailed can be the specification of the transformation The 
more steps m the transformation, the greater the number of "errors" the student may commit- 
-each error bemg related to one step of the transformation. Thus the teacher controls how 
detailed the analysis of the student's work is. 

Stimulus Creation 

Given the template structures for a drill as specified by the teacher in the foregoing 
sections, the acmal creation, presentation, and judging of a transformation exerxiise is fairly 
routine. ■' 

First, using the template, a stimulus sentence is constructed. That is, starting at the 
root node^e program traverses the stimulus template tree. If the node it is examining is has 
optional branches, only one branch (randomly chosen) wiU be traversed and the other? 
Ignored. If the branches arc specified as part of a construction, each branch wUl be traversed 
m turn. If the node is a terminal node, an appropriate lexical item is selected. Aereenwnt 
routines are executed. The oee-structure for the stimulus is stored and the lexical items are 
strung together and presented on the screen to the student. 

^® l*"***"' has typed in a response, the judging sequence begins. Following the 
jansfoimation schema specified by the teacher, the program checks each step to sec that it 
if!- V suc^"f""y completed by the student. Thus, a copy step merely involves checking 
to see If the identical matenal m the stimulus sentence is in the student's response, and at the 
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ippropritte place. Insertion and alteration steps check for the appropriate inserted or altered 
information. In addition, if an error is found in an alteration step, morphologically similar 
fomis generated earlier are checked to see if the snident*s response is among them. 

Deletion of material cannot be directly checked since there is no way to see if 
something is not there, so evaluation is deferred If the following step succeeds, it is 
presumed that the prior deletion was properly executed. If noc the program checks to see if 
the deleted material is still oresent in the student*s response. 

In each situation, if evaluation fails, the appropriate error message is printed. Thus, 
the student is led through the necessary transformations step by step. 

Error Analysis 

In addition to providing appropriate response to student errors, the program allows 
for a feedback loop from error analysis to stimulus generation, since stimulus sentences are 
spontaneously generated. This means that the stimulus sentences the student is presented 
with can be weighted to favor those types of sentences that proved difTicult in earlier 
attempts. 

For instance, data about which branch of the opdon node of a template was chosen is 
stwed. Infcmnadon about the number of erron a student made for each constitutent of each 
sentence is also correlated with the branches present in that sentence. This allows for the 
weighting of opdon nodes, so that options which resulted in sentences causing difficulty 
appear toon frequently. 

I want to emphasize the importance of this fieedback loop, since it represents one of 
the significant advantages of this approach over a parser-based u)proach. Given an adequate 
parsing and error-analysis routine, a teacher would need only to type in the stimulus 
sentences, and the correct renoose. The parser could eanly parse the correct reqxmse and 
use that as a target against wnich the student response would be iudgcd. Howeveri such a 
program could not generate new stimulus sentences, aiki thus could not individualize the drill 
appropriately for each student 



CONCLUSION 

The ^'Intelligence*' of the System 

At this point, it is appropriate to summarize and highlight those aspects of the 
proposed approach which pormit it to be somewhat "intelligent** in the creation of 
transformation drills and analysis of student responses. 

In the fint place, the teacher interacts with the program to create the drill. The 
teacher*s intelligence is, therefore, integrated into the constniction of the drill. This is made 
possible by several features of the program. First; the flexibility of the template constniction 
process allows the teacher to specify in greater or lesser detail the structure of the drill 
template. Second, the ease with which features may be added to the system permits the 
teacher to tightly constrain the random choice of lexical items for the drill. Third, die 
allowance in ibt program for extended, specific error messages written by the teacher 
incorporates the teacher's knowled^ of probable student errors* 

In die second place, there is die built-in knowledge of the language that allows for 
"intelligent** drill constniction. This knowled^ includes die built-in lexicon and feature 
system, die construction functions which contain information about the grammar of certain 
constintents of the language, and the morphological functions which contain stored 
information about die regularities and irregularities of morphological svstems in the 
language. This built-in knowledge interacts widi die teacher's input to allow the instructor to 
concentrate on specifying die significant constnioions for die purpose of the exercise and 
allows peripheral areas to be handled automatically, widi minimal attention. 

Finally, diere is die feedback kxip from error analysis programs to die construction of 
stimulus sentences for die drill. This allows ''intelligent" construction of stimulus sentences. 

i 
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^ concentnting on «t« where 

Problems of ImplemenUic.on 

A few problems that may arise in the complete implementation of this system should 
fkLT^Si^ TJcsearetnainlv problems of scale. That is, there are quesrions of how well 
biilltMn ftTnc^on? * * feanms, and a significant set of 

. ^ ^f^' concern is whether or not the response speed of the system can be 
mamtained with such a larger data base. I suspect that a reasonable speed can be maintained 
particularly ifcompilcd code is used. w«i w m. miwnea, 

k a7^^ concern is whether or not the set of features and constructions necessary 
to nandle a wide variety of constructions in the target language would make the system too 
HUiTfi^l " ? * teacher to worit with. As with most systems, unforeseen problems 

will anse as it expands, demanding exceptional or ad hoc solutions. TTiis may make the 
system too large to be handled by a typical foreign-language teacher without a »cat de^l of 
lingmstic or computational background uiwui « jjreai j oi 

„ ^Thethinl concern is about the nature of the stimulus sentences generated by the 

program. There is currenUy a great deal of interest in conimunicative competence and the 
^ZfH^ ?i?P^!!f conversational situations. TTus program, with its Umited semantic 
?n gnmmaticaUy correct, but semanticaUy odd sentences. 

ISrsiJj^' J'SS *° To some extent, these odd sentences mighTS 

" «»«l«y»efnte»^. However, care must be taken that the oddness dobs not 

.2 S^S^f' S ^ '^fPS"* ««"«^»» sentences liice 

JZrlJ^' A • "o^'^cf; « jhouW not generate a sentence like "SaUy ate the 
^CTty. Avoidmg sentences hke the latter might overburden either the system or the 

Rnally, thwe is a concern about the current left-to-iight procedure in temolate- 
SSw7S« irSSr^J' ««d response judging. A biief l5,k ^ttSTS 
J™«rf!J?.Ln.i ^ unnatural constraints on the instructor to specify 

transfonnanonal changes m a strict left-to-right order. However, in some cases, it miiht be 
Z teft to rig^L^^''^'*"^ * work through the transfo^ma^in^'w^y'Sh? 

nmhi^7l!f u^' ^^^^ sequential method is that it avoids one of the major 

?Z.S^?lf P*"*™ natching approach. TTiat is, in matehing up the student input with die 

^n^r^l^^^i "Ji ^^^^ P«"«™ "-^''^g to d«al with miTplaced 
constituents OT scumbled word order. Of course, it also can matef sequentiaUy left to iSht 
stopping If It fails to mateh exactly. But because there is no stnictureio the pattern, tiiSI is 
««^nL" the enor than that it is not an exact maS^ SdXS 

Z^Tsho^Si^'^uX^^^^^' P^«T" ^^'^^ constituent bTSe 

answer Should be. If it fails to mateh at a particular point, an appropriate error messaae is 
generated, heiputg the smdent correct the error at that ioint ^P™^"*'^ tnessage is 

Summary 

oo<«.t..?in*l!lK^ ^ ^"TT " "^n^el^gw*" system of computerized drill construction. It 

n2n!TK.?S»^ "^^^^ sentence into the target sentence. 

'^'^ "oipfiolorical functions and constructions, the monS^ 

reS;?on^.«,*L"'P' V» *c transformation onxess. A feedback iSop pernSS Uie 
generation process to be sensitive to errors committed by the student. 
• ^ i P?s?,t?^e features of such a system include the followina- H) it allows thf 
Sofdie'SS2 ^iSXr""* *™9sJ<««tion drills that are sS to^lie ins^^^^^^ 
ST Lrt 5f J ^ difficulties of the student; (i)it encourages clarity on 

the part of the teacher m specifying clearly what the possible shapes of the stimulus 
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sentences are and what must be done to produce the correct responses; (3) it enables flexible 
(goal-related) error analysis; (4) it pemLts the construction of an indefinite number of drill 
sentences, differentially for each snident in relation to prior errors. 
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